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PREFACE TO THE RCJORIvEE TREATISE ON (JIVIL 
ENGINEERING IN INDIA. 

The Roorkee Treatise was originally compiled by Lieut.-Col. J. O. 
Medley, R.E., in 1866 and issued in two volumes. 

The Treatise grew out of the various College Manuals, dealing for the 
most part with subjects which lequircd special treatment to suit the 
climate and methods used in India, and has been, constantly revised and 
re-written. It is found advisable now to publish the Treatise in separate 
Sections, so that ea<di Section can be re-written or revised and brought 
up-to-date whenever opportunity occurs, to keep pace with modern 
methods and discoveries. 


The Treatise now contains the follo\Ning Sections : — 
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Building materials 

Undo!’ revision 

II 
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1920 

II 
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1910. 
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... In the Press. 
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Estimating 
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VI. 

Buildings (revised) 

Ditto, 
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VII. 

Bridges 
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VIII. 

Roads 

1920. 

II 
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Railways 

1919. 
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W’aler-supply 

111 the Press. 
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Sanitary Engineering 
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Drawing 

1921. 
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Surveying 

1911. 
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Surveying (revised) < 

1915. 
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PREFACE TO DRAAFING, 

FOR ENGINEER STUDENTS. 

T. 

The chief aim in compiling this Manual has been to include in it 
only such information as is generally necessary to the various grades of 
Engineers educated in the College. It is divided into two parts. Part 
I is a preparatory course and with Part II that for Engineers and 
Draftsmen, 

Among the books consulted are — Pulford’s Theory and Practice of 
Drawing, Chambers* Treatise on Civil Architecture, Leoni’s Architecture 
of Palladio, Atkinson’s Practical Solid Geometry, and Watson’s Descrip- 
tive Geometry. 

March, 1922. 


C. J. V. 
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PART I 


CHAPTER L 

DRAWING PAPER— INSTRUMENTS- Our n i iMi ajnu 
REDUCING DRAWINGS. 

Drawing paper. --Tho paper, of good quality bub nob too highly 
glazed, should present as smooth a surface as.posdble. Anything that 
bends bo do^itroy the surfa^'e, such as erasures, excessive ru’jbing with In- 
dia-rubber, washing, etc., should be avoided as much as possible. If In- 
dia-rubber is necessary, it should be used sparingly, and pressed very 
lightly on the paper. 

Bread s.boiiid-ha used instead of India-rubber when possible. 

For survey work, or any work requiring accuracy, the paper should 
never be wetjJLed, stretidhed or mounted on a dramog^baard, on account 
of the distorbjan that takes place when the stretched paper is cut off. 
Unequal expansion or contracbioii should above all bhinga be guarded 
against. 

If the p.ipor is buckled and requires flatteniug, the following method 
should be employed : — Mount the piper as described on page 3. When 
nearly dry, cut ib off the board, and place the sheets flab in a dravye r , 
wheie they must be allowed bo remain for three weeks at least, till they 
are thoroughly seasoned. 

During the time occupied lu plotting an extensive survey, the paper 
which receives the work is affected by the changes which take place in the 
h ygrom etrical state of the air, and the parts laid duwn from the same 
scale, at different times, will not exactly correspond, unless this scale has 
been first laid down upon the paper itself, and all the dimensions have 
been taken from the scale so laid down. 

For plotting an extensive survey, and accurately filling in the 
mmutiae, a diagonal or vernier scale may advantageously be laid down 
upon the paper upon which the drawing is to be made. A vernier scale 
is preferable to a diagonal scale, because in the latter it is exbiemely 
difficult to draw the diagonals with accuracy, and there is no check on its 
errors; while in the former the uniform manner in which the atrok s of 
one scale separate from those of the other is some evidence of the truth of 
both. The construction of scales will be treated of further on, 

1 
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Drawing paper ^ properly so called, is made to certain sta ndar d size 
as follows 


Demy 


20 inches by 15^ 

inches. 

Medium 


22 J 

.. 17J 

» 

Royal ... 


24 „ 

m 

)) 

Super- Royal 


27 i „ 

.. 19} 

*i 

Imperial 


30 

„ 22 

if 

Elephant 


28 .. 

.. 2 ) 

it 

Columbier 


35 „ 

„ 23J 

II 

Atlas ... ... 


34 „ 

„ 26 

if 

Double Elephant ... 


40 

.. 27 

it 

Antiquarian 


53 „ 

31 

if 

Emperor 


68 .. 

41 

II 


Of those, Double Elephant and Imperial are the most generally useful 
sizes. Whatman’s pressed.paper is the quality most usually employed 
for fin ishe d^ jiiiarwingSc For ordinary skete^ing^iir working drawings, 
cartridge paper may be used. It bears the use of India-rubber well, 
receives ink on the original undamped surface freely, shows a go)d line, 
but it does not take colours or tints very well. Cartridge paper can bo 
obtained in any length up to 200 yards and in width 53 or 60 inches, and 
consequently is useful in certain cases. For delicate small^ale LioO' 
dra^wiag, the thick blue paper, imperial size, such as is made for l edgers , 
etc, answers exceedingly well. ^ 

Tracing paper is a preparation of tissue paper, rendered transparent 
and qualified to receive ink lines and tinting without spreading. When 
placed over a drawing alreily executed, the drawing is distinctly visible 
through the paper, and may be copied or traced directly in I ndian ink; 
thus an accurate copy may be mxdc with great expedition. Tracings may 
be folded and stovyed away very conveniently ; but, if likely to bo fre- 
quently used, they should be mounted on cloth, or on paper and cloth, 
with paste. 

Tr: 0 .cing paper may be prepared from Double Crown tissue paper by 
lightly and evenly sponging over one surface with a mixture of one part 
of raw linseed oil or nut oil and five parts of turpentine. Five gills of 
turpentine, and one of oil, will go over from IJ to 2 quires of twenty-four 
sheets. 

Tracing cloth is a similar preparation of linen, and has the advantage 
of toughness and durability. 
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In colouring drawings on tracing paper or tracing cloth, the colour 
must be laid on the reverse side of the paper or cloth to that on which 
the lines are drawn. 

The colour laid on should be much darker than the tint required in 
the drawing. 

Mounting Drawing paper on Drawimj boards, edges of the 
paper should be first cut straight, and as near as possible at right angles 
with each other ; also the sheet should bo so much larger than the intended 
drawing and its margin, as to admit of being afterwards cub from the 
board. 

The paper must be first thoroughly and equally damped with a sponge 
and clean water, on the opposite aide from that on which the drawing is 
to he made. When the paper absorbs the water, which may be seen by 
the wetted side becoming dim, as its surface is viewed slantwise against 
the light, it is to be laid on the drawing board with the wetted side down- 
wards, and placed so that its edges may be nearly parallel with those 
of the board: otherwise in using a T-squaro inconvenience may be 
experienced. 

This done, lay a straight fiat ruler on the paper with its edge parallel 
to, and about half an inch from, one of its edges The ruler must now be 
held firmly while the projecting half inch of paper is turned up along its 
edge ; then a brush containing strong paste must be passed once or twice 
along the turned up edge, after which by sliding the ruler over the pasted 
border the paper will again be laid flat, and the ruler being pressed down 
upon it, that edge of the paper will a Ihcre to the board. In exactly the 
same manner fix down an adjoining edge, after which paste the longer of 
the two remaining edges and finally the shorter edge. If the opposite and 
parallel edges of the paper are pasted first, a much greater degree of care 
is required to prevent undulations appearing as the paper dries, and even 
then success is not always certain. The mounted papir should be allowed 
to dry gradually, and the process should not be hastened by putting it 
before a fire or in the strong sunshine, otherwise the unpasted portion, 
which dries more quickly than the pasted portion, is very apt to tear 
itself away from the pasted border. 

A small quantity of alum is a very good thing to mix with the paste, 
for it not only enhances the adhesive properties of the paste, but the 
drawing, when dry, is nob so stiff as if paste only is used. 

Mounting Drawing paper on Canvas or Linen. — Large sheets, destined 
for rough usage and frequent reference, should be mounted on linen c*r 
oanvas. The iatter«should be well stretched upon a smooth flat surface, 
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such as drawing board or table, and its edges pasted down as recom- 
mended in stretching drawing paper. The flat surface on which the 
canvas is stretched must either be well varnished or well greased (all 
superfluous grease being removed), for if this is not done, the subsequent 
operations will cause the canvas to stick to the surface. The canvas being 
stretched, strong paste is to be spread upon it with a brush (this is not 
necessary if fine linan be used) and is to be beaten in till the grain of the 
canvas is all filled up ; this, when dry, will prevent the canvas from 
shrinking w’hen subsequently removed . Having cut the edges of the 
paper straight, paste one side of every sheet, and lay them upon the 
canvas sheet by sheet, overlapping each other a small quantity. If the 
drawing paper is stroag, it is better to let every sheet lie for some five 
minutes after the paste is put on it ; for as the paste soaks in, the paper 
will stretch, and may be better spread smoothly on the canvas, whereas if 
it be laid on before the paste has moistened the paper, it will stretch after- 
wards and rise in blisters when laid upon the canvas. When the paste 
has soaked^in, it is as well therefore to go again over the paper with the 
paste brush containing very little paste; this is done to moisten the whole 
surface again and to take off any lumps or superfluous paste; it should 
then be placed on the canvas as gently as possible, and the centre be 
pressed down on to the canvas by means of a cloth or something soft ; 
from that work outwards towards the edges, the lines of pressure exerted 
always tending from the centre. Air bubbles between the canvas and 
paper may be got rid of by puncturing the spot with a fine needle an I 
then pressing it down with a handkerchief. The paper should not be 
cut off until thoroughly dry, neither should the drying be hastened, but 
allowed to take place in a dry room. 

The Pencil, either an V or an II, should have a moderately fine point 
and when being usel, should be gently pressed upon the paper, and 
slightly inclined in the direction in which the line is being drawn, care 
being taken to keep it, throughout the operation, in the same position 
with reference to the ruler. 

The point shoul 1 be cut chisel shaped and nob conical. The lead can 
bo boJt kept sharp on a small smooth file, or a piece of fine glasg. paper, 

Indian Ink.— If a s tick of ink is used, it should be carefully rubbed up 
with water, free from grit, and above all, not too thick. One or two 
trials (by drawing two or three lines on a piece of waste paper), while the 
ink is being prepared, will ensure a proper consistency. 

Great care should be taken to see that it is worked up sutticiently to 
ensure a thoroughly black line. 
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Fresh ink should be prepared daily, as stale ink cannot produce neat 
work and black lines. 

Liquid Indian ink, however, can now be obtained of excellent quality, 
and is in many ways more convenient to use than stick Indian ink. 

Instruments.— A case of Instruments generally contains — 

(a) Compasses with movable (e) Drawing" Pens. 

parts — (1) Plain (J) Plain Dividers. 

Point ; (2) Pencil (g) Parallel Ruler. 

Point; (3) Ink Qi) Pricker. 

Point; (4) I^ng- (i) Protractor, 
thening Bar. (j) MarquoL* Scales. 

(h) Ink Bow Compass, (Jc) Sector. 

(c) Pencil Bow Compass. (1) Proportional Compass, 

(d) A set of spring Bows — (m) Curves. 

(1) Dividers ; (2) 

Pen; (3) Pencil. 

Cheap cases do nob contain all these instruments, while some Drafts- 
men use many other varieties, Other useful instruments are — 

(1) Set sq^uares. [ (3) A Beam Compass. 

(2) T-square. * (4) Pump Bow Compass. 

Compasses should be hold at the top between the forefinger and 
thumb, with one or more hngers under the hinge to increase or diminish 
the distance between the points gradually and without a jerk ; in all cases 
the steel points should be guided by the finger of the ’other hand to the 
centre of the circle to be drawn, or to the hue or scale to be measured. 
‘'When several concentric circles are to be drawn, great care is requisite 
to avoid enlarging the centre hole Persons unaccustomed to the use of 
compasses are very apt to turn them over and over in the same direction 
when spacing off a number of equal distances on the divisions of a scale. 
This necessitates a constant change of the hold by means of the finger and 
thumb, which often causes the point of the compass to be forced into the 
paper, or to be jerked off the point fixed altogether. To obviate this, the 
points of the dividers should be worked alternately above and below the 
line along which the divisions are being set off ; by this means the 
manipulation will be much more delicate, and there will bo no liability 
of the compasses shifting. 

The Drawing Pen. — In using a pen, first of all dip the blades in water 
and then wipe them dry; then with a clean nib or piece of paper take 
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up some ink and insert it between the nibs. The pen is now ready lor 
use. Hold the pen firmly against the ruler, and, as in the case of the 
pencil, slightly inclined in the direction of the line to be drawn ; be very 
careful to baake both nibs touch the paper, to preserve an even pressure 
and the same position of the pen with regard to the paper and ruler 
throughout, and a slow but equal motion along th^ ruler. By attending 
to these points, the pen will mark throughout the whole length of the 
line, an equal thickness of line will be secured, and rugged edges 
avoided. If after working some time it is found that the ink does not 
run freely from the pei\, it may be amended by passing a small slip of 
paper between the nibs. Above all things the paper must be kept clean : 
it should not be touched by the hands moro than possible, as the hand 
makes the paper greasy; and when once the paper has acquired ^his 
defect, clean sharp lines are impossible. In inking in over pencil lines, 
work from the top of the paper towards the bottom ; this will prevent 
any risk of smearing. The pen should be carefully cleaned and dried 
before being laid aside. 

Parall&Tj Rulbhs.— Tiles j arc of two kinds : — 

(1) The Plain Parallel ruler. This should bo tested to see that the 
distances between the pivots on the rulers and the length of the bars are 
exactly equal in each case. 

(2) The Rolling Parallel ruler This should bo heavy enough to 
ensure stability. It can bo tested by running it in one direction and 
ruling two parallel lines and then reversing the run and noting the error, 
if any, between the lines drawn at the end of each run. 

For accurate work it is best to avoid all parallel rulers and to use 
Marquois’ Scales. 

Protuaotor. — The most general use of the J’rotractor is for setting 
off upon paper any given angle. A variety of scales are, however, drawn 
on both sides of the instrument which arc extremely convenient. 

The following is a detailed description of the method or using the 
Protractor : — 

Tho Protractor is generally a rectangular piece of ivory or boxwood 
6 inches long by IJ inches to 3 inches broad. Round three of its edges 
the angles are marked (the linos radiating from a point in tho centre of 
the fourth side) and should bo numbered in two rows, the outside from 0® 
to 180®, and the inside from 180® to 860®. The method of using it to set 
off any required angle is easily seen by an example. 
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Suppose we wish to draw from the point C in the line CA another 
lino making an angle of 40® with CA [Fig* 1 , Plate I]. Place at C the 
centre mark on the lower edge of the protractor, and keeping it there, 
move the protractor round till the lino numbered 40®, on the radiated 
edge, coincides with CA. Draw the line CD along the edge ; DCA is 
the required angle, which has thus been sim[)ly transferred from the scale 
to the paper. 

When the line CA is not long enough to admit of the above construc- 
tion, it will be necessary to place the lower edge of the protractor on 
that line, with the centre on C [Fig* 2, Plate I], then to make a mark 
against the upper edge at the line indicating the required angle, and 
removing the protractor, draw a line through the two points. 

Protractors are usually of two patterns: — The Drafisinau’s p.ittern 
and the Military pattern. 

The Draftsman’s pattern contains a variety of scales on both sides — 
they are simple scales. , Those marked 0, 35, 40, 45, 50, GO lu'ing the same 
as those on the Marquois’ Scales described further on (page 0). These 
numbers simply representing the numbor of parts into which the inch is 
divided, i e,, on tlie 30 scale, thirtieths of an inch can bo taken off ; on 
the 40 scale, fortieths of an inch, and so on The use of these scales is 
found when we have to employ for a drawing a scale such that one of 
those divisions represents a Gi<rivenient unit ot iricasuremeiit, su;li as 1 
foot, 1 yard, 10 feet, 10 yards, etc., etc. 

The scales marked In. {, J, etc., etc., are also ^ simple proportional 
scales. The numbers J, f, etc., refer to the length of one division, which 
is divided into J 2 parts. Tliat marked In being one inch long, that 
marked }, |th of an inch long, and so on. These scales are u.seful for 
measurements involving f'et and inches on account of the duodecimal 
minor divisions. They are not generally so convenient, however, as the 
other scales just described The diagonal scale is an ordinary one. The 
inch being divided into 10 parts, 1100th of an inih being obtained by 
means of the diagonal lines , whore th(‘ J in:;h is divided into 10 parts, 
we can, of course, obtain l-200bh of an inch. The principle of this and 
the methol of construction will be explained further on. 

The scale marked Oho. is a scaJ^jdfxliQfjis^ and deserves attention. 
It is constructed in this manner Take a quadrant AOB, Fig. 3, divide 
the arc into arcs of 10®, and number these 10, 20, 30, up to 90, from B to 
A. Join AB, and with B as centre and radii from B to these various 
divisions describe arcs cutting AB, in the points 10, 20^ 30, etc. These 
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various radii are lie chords of the different arcs ; coosequently AR is 
called a scg,le.nf bhords. Each scale will vary Fig. 3, 

with the length of the radius ; but Euclid IV, 

15, proves that the side of a hexagon is equal 
to the radius of the circumscribing circle ; or, in 
other words, the radius of the circlc=:the chord 
of 60®. 

To use the Scale , — With centre C [Fig, 4, 

Plate I], and radius equal to the distance from 
zero to 60® on the scale of chords [Fig, 1, Plate 
I], describe an arc HK, cutting CA in H, and 
with centre H, and radius equal to the distance from zero to 40®, or 
other given angle, on the same scale of chords describe an arc intersect- 
ing HK in K, join CK ; KCH is the required angle. 

This method of protracting angles is much to be preferred to simply 
laying them off by the protractor, as it is more accurate, and the grexter 
the radius the greater the accuracy. 

The Military pattern protractor generally differs from the above in 
having none of the above sc lies marked except the diagonal scale. As 
it is usually used for surveying purposes, in place of the scales described 
abive, scales of one, two, four, six and eight inches to the mile are given, 
together with a normal scale of horizontal equivalents (for description 
see Survey Manual). The prota'actor can also be used as a clinometer, 
by boring a sinill hqle noxr the edg) of the protractor and suspending a 
small weight by a thread. . 

MabqUOIS’ The box of MarquoW Scales contains two 

rectangular rulers and a right-angled triangle, of which the hypotenuse 
or longest side is three times the length of the shortest. Each ruler 
is a foot long, and has parallel to each of its edges, two scales, one 
placed close to the edge, and the other immediately within this, the 
outer being termed the artificial, and the inner the natm-al^ scale. The 
divisions upon the outer scales are three times the length of those upon 
the inner scale, so as to bear the same proportion to each other that the 
longer side of the triangle bears to the shorter. Each inner or natural 
scale is in fact a simply divided scale of equal parts having the 
primary divisions numbered from the left hand throughout the whole 
extent of the rule. In the artificial scales the zero point is placed in the 
middle of the edge of the rule, and the primyary ^li visions are numbered 
both ways, from the centre point outwards, Each division on this scale 
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is three times the length of a corresponding division on the natural scale. 
The triangle has a short line drawn perpendicular to the hypotenuse, 
near the middle of it, to serve as an index or pointer ; and the longer of 
the two sides has a be velled ed ge. 

The rectangular rulers have numbers 25, 30, 35, 40, 45, 50, 54, 60, 
marked on each scale : these numbers simply show how many divisions 
the inch is divided into on the natural scale; the artificial divisions 
being three times the natural division wo are enabled by the method 
shown below to draw parallel lines from to ^V^h of an inch apart, 
or any multiples of these fractions. 

To draw a line parallel to a given line at a given distance flrom it. 

1, Having applied the given distance to one of the natural scales 
which is found to measure it most conveniently, place the triangle with 
its sloped edge coincident with the given line, or rather at such a small 
distance from it, that the pen or pencil passes directly over it when 
drawn along this edge. 2. Set the ruler closely against the hypotenuse, 
making the zero point of the corresponding artificial scale coincide with 
the index upon the triangle. 3 Move the triangle along the ruler, 
to the left or right, according as the required line is to be above or below 
the given line, until the index coincides with the division or sub-division 
corresponding to the number of divisions or sub-divisions of the natural 
scale, which measures the given distance, and the line drawn along the 


sloped edge in its new position will be the line required. 

The proof of this is as follows : — If ABO, Fig. 5, represent the 
triangle in its new position, and the dotted lines rept’esent its original 


position, by similar triangles 

ABC, A'AD. 

AD:AA'=BO: BA=1 : 3 
and, ^therefore AD contains as 
many divisions of the natural 
as AA' contains of the artifi- 



cial scale. 


Sector . — T he Sector is a ruler 12 inches long and about half an 
inch broad, jointed in the centre so as to allow of its being folded together, 
in the direction of its depth. A sector either of wood or ivory is 
generally supplied with ordinary instrument boxes. A more detailed 
description of its construction is therefore necessary. 

The moat important scales and the ones which are really of most 
service in geometricabconstruction are the line of lines, the line of chords, 
the lisgj>f polygons. 

% 
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Lint of Lines. — The principle oi the use of the lino of lines is as 
follows : — Let the lines AB, AC, represent a pair of sec tor^ lin es, and 
BC, DE any ^an^^rse-'diatances taken on this pair of lines ; then, from 
the construction of the instrument AB=AC and AD=AE, so that 
AB : AO=AD : AE Fig. 6. 

and the triangles ABC, ADE have the angle ^7 
at A common, and the sides about the equal 
angle proportional (Euc. VI., 6) ; they are, 
therefore, similar, 

and AB : BC=AD : DE. 

From the above, the use of the Line of lines 
is self-evident. For example : — 

To divide a line 3*11 inches long into 7 
equal parts. Take the length of the line into the compasses, and having 
set one point in the division which is numbered 7, open the instrument 
till the other point of the compasses meets the 7th division on the other 
limb, then the distance between the two points marked 1, will obviously 
be the ^th part of the line as required, or equal to • 44* of an inch nearly ; 
but it must be observed that owing to the inevitable imperfection and 
wear of all instruments, this distance must be stepped along the line to 
ascertain whether it may not require a small correction. 

Example 1. — To determine yths of a line 3 inches long ; take that 
length in the compasses and open the sector until it coincides with the 
primary divisions 7, 7, when the distance between 2 and 2, is that 
required. 

Example 2. — To find ^ 4»*09 inches long. [Fig, 7, Plate 

I] 

Since there are only ten primary divisions, recourse must be had to the 
secondary divisions to solve this problem. In order to bring the con- 
struction some distance from the centre, which will insure the accuracy of 
the result, multiply the nui^erator and denominator of the fraction by 
some number which will make the denominator when so multiplied near, 
but not greater than 100 : in this case 4 is a convenient multiplier ; then 

A OA 

28^99* taken off 4*09 inches in the compasses, make that length 

a transverse distance at the secondary division 92, then the transverse 
distance at 36 will give the part required. ^ ^ 

Note, — A lateral distance is a distance measured from the centre afong 
any sectoral Ime. 

A transverse distance is a distance measured from a point in one line oi 
a pair of sectoral lines to the corresponding point in the other line. 
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Line of Chords, — This scale is similar to the one marked Cho. on the 
protractor, and is used for the same purpose ; but the double- aoales of 
chords on the sector are generally more useful than the single scale on the 
pj^iJtwfcetnr ; for on the sector the radius with which the arc is to be de- 
scribed may be of any length between the transverse distance of 60 and 
60 when the legs are closed, and that of the transverse of 60 and 60 
when the legs are opened as far as the instrument will admit of; but with 
the scale on the protractor, the arc described must always be of the same 
radius. 

To lay down an angle which shall contain a gim number ol 
degrees 

1. When the angle is less than 60'', say 46®. 

Make the transverse distance of 60 and 60 equal to the length of the 
radius of the circle, and with that opening describe the arc BO 8, 

Plate I.]. Take the transverse distance of the given degrees 46®, and lay 
'this distance on the arc from the point B to G* Join AC, AB ; the angle 
GAB is the one required. 

2. When the angle contains more than 60®, say 148®. 

Describe the arc BOD, making the radius equal to the transvdrscJ 
distance of 60 an! 60, as before. Take the transverse distance of } or 

etc., of the given number of degrees, and lay this distance on the arc 
twice or thrice, as from B to a, a to 6 and b to D. Join BA, AD ; BAP 
is the angle required. 

3. When the required angle contains less than 5^, suppose 3^^®, il 
will be better to proceed thus With the given radius, and from the 
centre A, describe the arc DQ, and from some point D lay off the chore 
of 60®, thus giving the point Q such that the angle DAG=a60°. From 
the same point D lay off in the same direction the chord of 56^® (=a60® — 
3^ thus giving the point E such that the angle DAE:a 56}®. Then 
the angle GAE is the angle required. 

Line of ^oUjgons,-^The line of polygons is chiefly useful for the 
ready division of the circumference ^a circle into any number of equal 
parts from 4 to 12; it forms, therefore, a ready means of inscribing 
regRla^ppJygons in a circle. To do this, set off the radius of the given 
circle (which is always equal to the side of the inscribed hexagon) as the 
transverse distance of 6 and 6 upon the line of polygons. Then the trans- 
verse distance of 4 and 4 will be the side of the inscribed square ; that of 
5 and 5 the inscribed pentagon, that of 7 and 7 the inscribed hep^ on 
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If it be required to form a polygon upon a given right line, set off 
the extent of the given line as a transverse distance between the points 
upon the line of polygons, answering to the number of sides of which the 
polygon is to consist ; as for a pentagon between 5 and 5, or an octagon 
between 8 and 8, then the transverse distance of 6 and 6 will be the 
radius of the circle which is to be described so as to contain the given 
line, if now we set off the length of this line round the circumference of 
the circle, we shall obtain a regular polygon of the required number of 
sides. 

Propor tion ALJ C*QMPASSE8.-~^The8o . though of great service in many 
problems which occur in plan drawing, are not supplied with the ordinary 
Instrument boxes. A description of the method of using them is, how- 
ever, considered necessary. 

. They consist of two equal and similarly formed parts or limbs AE and 
BD (see Fig. 9), opening upon a centre C, and forming a double pair of 
compasses whose points are A, B, E, D. When shut up, the two limbs ' 
appear as one, and a small stud fixed in one fits into a notch made in the 
other, and retains the instrument in its closed position. The adjustment 
of the instrument must be made when both limbs coincide ; as it is only 
in this position that the centre piece C can be moved up and down. The 
Fig, 9. chief use of the Proportional Compasses is to reduce or 
enlarge a drawing in any given proportion. To do this 
the centre C is shifted up or down as required, thereby 
shortening one set of legs and lengthening the other. 
The distance on the oricfiual drawing is measured off 
with one set of legs, and the distance shown by the 
other pair will be the corresponding length, reduced or 
enlarged from the original length in a ratio depending 
upon the position of the centre C. As in the Sector, 
various other geometrical constructions can be performed 
by means of the different scales given on either side of 
the limbs ; it will be sufficient, however, to describe the 
method of adjustingifrthe instrument for 1 aying off dis- 
tances on a plan, the scale of which is to bear a certain 
proportion to that of a given plan. ' Y ' 

On the face of each limb there are four sets of ^vi- 
sions, one denominated “ Lines,’' a second “Oircl^'* a 
third “ Planes,” and the fourth Sqlids.” It is with 
the first of ^ese, viz., the Lino, of linfes that we have 
to do. 
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When the zero of the centre on the do^-tiJled sl idinia^ piec e is set to 
the division marked I on the line of lines, and clamped by turning the 
mill headed screw 0, any opening of the compasses will give equal 
distances at both extremities. When the zero is in a similar manner set to 
2 on the line of lines, the proportions between the openings of the points 
A, B, and the corresponding openings of the points D E will be as 2 to 
1, in other words, any distance set ofiP by D E will be half the distance 
measured by A, B. Similarly if the zero be set to 3, the distance set off 
will be to the distances measured as 1 to 3, and so on for the other 
divisions which extend up to 10. ‘ 

Curves. — For curves which are not circular, but variously elHptIc or 
otherwise, “ French ” curves made of thin wood, of variable curvature, 
are very serviceable. The two examples (Figs. 10 and 11) have been found 
from experience to meet almost all the requirements of ordinary drawing 
practice. Whatever be the nature of the curve, some portion of one ol 
these “ French curves will be found to coincide with its commencement 
and other portions can be used to complete the curve. 

^ Fig. 10. 



“ French ” Caivo— Onc-!ourth full size 

^ ' Fig. 11. 

Set- SQUARES. — A few Set-squares of 
various sizes are useful. They consist of 
triangular pieces of wood, celluloid or vul- 
canite One angle is invariably a right 
angle, and the other angles may be 45, 30 
and 60 degrees. Set-squares are used in 
conjunction with a straight-edge for 
drawing lines at right angles to each other, or for drawing parallel 
lines. 

T-tjQiLutE. — The T-aquare (Fig. 12) is a blade or “ straight-edge a, 
usually of mahogany, 'fitted at one end with a stock h, applied transversely 
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at right, angles. The stock being so formed as to fit and slide against 
one edge ot the board, the blade reache:* over the surface, and presents an 
edge of its own at right angles to that of the board, by which parallel 
straight lines may be drawn upon the paper. To suit a 41 inch board 
the blade should measure 40 inches long clear of the stock, or one inch 

Fiij. 12, 



Details of T*square. 

shorter than the board, to remove risk of injury by overhanging at the 
end : it should be 2 J inches broad by g- inch thick, as this section makes 
it sufficiently stiff laterally and vertically. If thinner, the blade is too 
slight and too easily damaged by falls and other accidents, and is liable 
to warp ; if thicker, it is too heavy and cumbersome ; if broader, it is 
heavier without beiug stifier. The tip of the blxde may be seiured from 
splitting by binding it with a thin strip inserted in a saw-cub as shown. 
The stock should be 14 inches long, to give sufficient bearing on the edge 
of the board, 2 inches brojid, and | inch thick, in two equal thicknesses 
glued together. With a blade and stock of these sizes a well-proportioned 
T-square miy be made, and the stock will be he ivy enough to act as a 
balance to the blade, and to relieve the operation of handling the square. 
The blade should be sunk flush into the upper half of the sto^k on the 
inside, and very exactly fitted. It should be inserted full breadth, as 
shown in the figure ; notching and dove tailing is a mistake, as it weakens 
the bjj.de and adds nothing to the security. The lower half of the stock 
should be only l| inches broad, to leave a ^ inch check or lap, by which 
the upper half rests firmly on the board, and secures the blade lying 
flatly on the paper. 

One-half of the stock c (Fig, 13) is in some cases made loose, to turn 
upon a brass pin to any angle with the blade a and to b? clenched by a 
screwed nut and washer. The tu rning sto ck is useful Tor drawing parallel 
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lines obliquely to the edges of the board. In most cases, however, the 
sector, and the other ap penda ges above described, answer the purpose, and 
do so more conveniently. A square of this sort should bo rather as an 
addition to the fixed square, and used only when the b evel ed ge is required 
as it is nob so handy as the other. 

The edges of the blade should be very slightly rounded, as the pen will 
thereby work the more freely. It is a mistake to chamfer 
the edges— that is, to plane them down to a very thin 
edge, as is sometimes' done, with the object of insuring 
the correct position of the lines ; lor the edge is easily 
damaged, and the pen is liable to catch or ride upon 
the edge, and to leave ink upon it. 

A small hole should be made in the blade near the 
end, by which the square may be l.ung up out of the 
way when not in use. 

No varnish of any description should he applied 
to the T-square, or indeed to any of the wood instru- 
ments employed in drawing. The best an I brightest varnish will soil 
ihe paper. The natural surface of the wood, cleaned and polished occa- 
uonally with a dry cloth, is the best and cleanest for working with 

Beam. Compasses — Beam compasses are used for setti ng o ff accurate- 
ly distances which are beyond the sketch of an ordinary compass. 

They consist of two beam heads moving on a graduated bar of \\ ood or 

Fig, 14. 




Fig, 13. 





Drawing Sqiiai-'' 
with vSwiViilling 
Stock 


Al<j n<i-,rniifi. Each beam head has a olamp to hold a pointer or pencil. One 
o.f these heads is fised at one end of the bar, and is provided with 4 
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vernier^acraw for making fin a while the other is free to 

move up and down on the bar and can bo clamped in any position. 

If a Fcale is given on the bar, it should never be used for accurate 
work, but distances should be taken direct from a scale drawn on the 
paper on which the plan has been plotted. Beam compasses are used to 
test the rectangular margins of sheet, and the perpendicularity of the 
central meridian line of a survey to a parallel of latitude, by the usual 
method of checking right angle, viz., measuring 3 and 4 (or their multi- 
ples) on the perpendiculars, and testing the hypotenuse with the distance 
5 for its multiple. 

Pq^MP Bo W^j^QMPASS. -"Besides the ordinary spring bow compasses a 
pump bow compass is also obtainable. It consists of a long steel needle 
arm encased in a s liding sleeve, to which is attached a removable ink or 
pencil point. It is by means of this sleeve that the pen or pencil point 
revolves freely rounl the needle arm, can be lifted from the paper after 
drawing a circle, and adjusted for a different radius. 

This new pattern compass has proved very useful for drawing small 
circles with ease, a'^ciiracy, and quickness in survey plots or other draw- 
ings containing a large number of small circles. It is supplied in a 
separate case. 

Copying and Reducing Drawings.— Plans, etc,, by 
hand . — There are several methods of doing this when the copy is to be of 
the same size as the original, such as placing the plan to be copied with a 
sheet of paper over it on tracing glass, placed in such a position that a 
strong light may fall on it from behind and then tracing if off’ Or by 
placing a sheet of thin paper, having its under-side blackened (by rubbing 
finely powdered black lead, or a soft lead pencil over it), on the sheet of 
paper that is to receive the copy, the original being placed over both, and 
the whole made steady by placing weights thereon ; all the lines of the 
copy must now be carefully passed over with a fine t racing poin t, and 
with a pressure proportionate to the thickness of the paper: the paper 
beneath will re^.eive corresponding mirks forming an exact copy, which 
may afterwards be inked in. All these systems of copying hurt, in a 
more or less degree, the original drawing. Tracing cloth is generally used 
in Engineer’s office. This cloth admits of very fine detail work being 
traced off, and will permit colour being applied. The colour should be 
applied on the reverse side of the cloth, as it is difficult to get it to lay 
evenly on the cloth. Such unevenness in a flat shade scarcely shows when 
seen through the tracing cloth. Traoing-4»apef we^s formerly much used, 
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but has now been entirely superseded by t racincr clo th. In India, tracing 
paper soon gets dry and brittle, and will not stand handling. ^ 

When the drawing is to be reduced or enlarged, the Pantograph, 
Eidograph, the Method of Coding Squares, or the lens, must be resorted 
to. 

The Pantagraph consists of four AB, AC, DF, and EF 

{Fig. 15), made of stout brass. The two longer rul^, AB and AO, aro 
connected together as A, and have a motion round it as a centre. The 
two shorter mlers are connected in like manner, with each other at F, 
and with the longer rjuler s at D and E, and being equal in length to the 
portions AD and AE of the longer rule rs, form with them an accurate 
pajrdlidogram, ADFE, in every position of the instrument. Several 
ivory castors support the instrument, parallel Lo the paper, and allow it 
to move freely over it in all directions. The arms AB and DF are gra- 
duated and marked etc., and have eajh a s|iding^U(lex, which can 
be fixed at any of the divi:<ions by a inil lod-h eaded clamping screw, seen 
in the engraving. The sliding indexes have each of them a tube, adapted 
either to slide on a pin rising from a heavy circular weight, called the 
fxikJTum, or to receive a sliduig Jhplder with a pencil or pen, or blunt 
tracing point as may be required. 

When the instrument is correctly set, the tracing point, pencil, and 
fulcrum will he in one straight line, as shown by the dotted lino in the 
figure. The motions of the tr acin g point and pencil are then each com- 
pounded of two circular motions, one about the fulcrum, and the other 
about the joints at the ends of the rulers upon which they are respect- 
ively placed. The radii of these motions form sides about equal angles 
of two similar triangles, of which tho straight line GC, passing through 
the tracing point, pencil and fulcrum, forms tho third side.^"' The dis- 
tances passed over by the tracmg__ppjnt and pencil , in consequence of 
either of these motions, have then the same ratio ; therefore, the dis- 
tances passed over, in consequence of the combination of tho two motions, 
have also the same ratio, which is that indicated by the setting of the 
instrument* 

The diagram represents the pantagraph in the act of reducing a plan to 
^ scale of half the original. For this purpose the sli^i^iiidex-es are first 
clamped at the divisions upon the marks marked J ; the tracin g p oint is 
then fixed in a .aoeket at 0, over the original drawing ; the pencil is next 
placed in the tube of the sliding index upon the ruler DF, over tho paper 
to receive the copy ; *aud the fulcrum is fixed to that at G upon the 
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ruler AB. The instrument being now ready fot* use, if the tracing point 
at 0 be passed delicately and steadily over every line of the plan, a true 
copy, but of one-half the scale of the original, will be marked by the pencil 
on the paper beneath it. The fine thread represented as passing from 
the pencil quite round the instrument to the tracing point at 0, enables 

Fig. 15. 





the drat£tb,man at the tracing point to raise the pencil from the paper, 
whilst he passes the tracer from one part of the original to another, and 
thus to prevent false lines from being made on the copy. The pern il 
holder is surmounted by a cup, into which sand or shot may be put, to 
press the pencil more heavily on the paper, when found necessary. 

If the object is to enlarge the drawing to double its scale, then the 
tracer must bo placed upon tlie arm DF, and the pencil at 0 : and if a 
copy is required of the same scale as the original, then the slidio|r indexes^ 
still remaining at the same divisions upon DF and AB, the fulcrum must 
take the middle station, and the pencil and tracing point those on the 
exterior arms, AB and AO, of the instrument. 

The Ei^^aph, which is represented in the accompanying engraving 
{Fig» 16), is a far superior instrument to the pantagraph. V X 

It has but one, in place of several points of support on the drawing, 
and is susceptible of more accurate adjustment. It can be used to reduce 
plans in any desired proportion, instead of following fixed fractions. 

The point of support when the instrument is at work is a heavy weight 
shown at H, from the under-side of which three or four projecting needle 
points fix the instrument firmly to the drawing paper. Springing from 
this weight is a short standard or fulcrum, attached to a sliding box, K, 
in which slides the centre bt^m, C, and to any part' of which it may be 
clamped by means of a clamping screw. 
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At the ends of the o gntraj bfifljn »re two pulley wheels, J, J, the centre 
pins of which revolye in socket / at the ends of the beam. Two steel 
bands, I, I, attached to the pulley wheels, give them an exactly ainxul_ta- 
n eons moti on, and these bands have a screw adjustment, L, by means of 
which they may bo tightened. 

The arms A and B are made to slide through boxes under the pulley 
wheels, and may be clamped at any proportion of their lengths in the 
same manner as the central beam, C, may bo made to slido and clamp in 
J the box K. 

’ / “-^e-arnr B carries a tracing point, Q, and th6 arm A carries a pencil 
point, D. The pen cil holde r may bo raised by means of a cranksikyef; 
P, attached to a cord, E, which passes over the cen^al^ beam, and thence 
to the tr acing p oint, G. 

The two arms and tho be uns are divided into 200 equal parts, which 
are figured 100 eieh way from the centre and may bo read to 1000th by 
means of the verniers on the sliding boxes. 

There is a loose weight which may be attached when the instrument 
has been set, the object of which is to steady it when there is a great 
difiorence in the proportions to which the instrument is being worked, 

It will be observed that tho pulley wheels give tho easiest possible 
motion : these wheels should bo of exactly c(pial diameter, and as 
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they are turned in a l^he, this equality may be obtained to the greatest 
perfection. 

To bring the instrument into adjustment let the verniers be set to zero, 
which will bring them to the centres of the arms and of the central beam ; 
place the arms at right angles to the beam, as near as you may guess, and 
make a mark with the t racer and pencil point, and turn the instrument 
round so as to bring the pencil point into the mark made by the tracer ; 
by doing this you will make the tracer move exactly to the mark previ- 
ously made by the pencil, if the instrument is in adjustment; otherwise, 
the error in difference should be bisected, and the adjusting screws on the 
band should be moved until the tracing point comes exactly into the 
bisection. 

The following is the ordinary rule for using the instrument : — ** Multi- 
ply the] difference between the denominator and numerator by 100, and 
divide the result by the sum.** For example, to reduce to J of the original 

100 (2—1) _ ^.33. 3 

Set this number on all three arms. 

Copying or reducing a drawing by means of square^:— Let Fig» 
17 in the annexed engraving represent a plan of an estiite, which it is 
required to copy to a reduced scale of one-half. The copy will therefore 
be halfi the length and half the breadth, and consequently will occupy 
but one-four t*h the space of the original. 

Draw the lines FI, FQ, at right angles to each other ; from the point 
F towards I and G, set off any number of equal parts, as Fa, ab, be, etc., 
on the lines FI and Ft, ik, kl, etc., on the line FG, from tho points in tho 
line FI. draw lines parallel to the other line FG, as aa, bb, cc, etc., and 
from the points on FG, draw lines parallel to FI, as it, kk, ll, etc., which 
being sufficiently extended towards I and G, the whole of the original 
drawing will be covered with a network of Fmall but equal squares. 
Next draw upon the paper intended for the copy a similar set of squares, 
but having each side only one-half the length of the former, as is repre- 
sented in Fig. 18. It will now be evident that if the lines AB, BO, 
CD, etc. {Fig. 17), be drawn in the corresponding squares in Fig. 18, a 
correct copy of the original will be produced, and of half the original 
scales. Commencing then at A, observe where in the original the angle 
(A) falls, which is towards the bottom of the square, marked de in the 
line FI. In the corresponding square, therefore, of th© copy, and in the 
same proportion towards the left hand side of it, place the same point in 
the copy ; from thence trace where the curved line AB crosses tho bottom 
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line of that square^ which crossing is about two-fifths of the width of the 
square from the left hand corner towards the right, and cross it similarly 



in the copy. Again, as it crosses the right hand bottom corner, in the 
second square below de, describe it so in the copy ; find the position of 
the points similarly where it crosses the lines // and gg^ above the line K, 
by comparing the distances of such crossings from the nearest corner of 
square in the original, and similarly marking the required crossings on 
the corresponding lines on the copy. Lastly, determine the place of the 
point B, in tlie third sqiiaie below gli on the top line; and a lino drawn 
from A in the copy, through these seveial points to B, will be a correct 
reduced copy of the original line. Proceed in like manner with every 
other line on the plan, and its various details, and thus wdll be obtained 
the plot or drawing, laid down to a binall scale, jet bearing all the pro- 
portions in itself exactly as the original. 

It may appear almost superfluous to remark that the process of enlarg- 
ing drawings, by means of squares, is a similar operation to the above, 
excepting that the points are to be determined on the smaller squares of 
the original, and transferred to the larger squares of the copy. The 
process of enlarging, under any circumstances, does not, however, admit 
of the same accuracy as reducing, 

It is also as well to remember that when a drawing is reduced to half 
the scale, the size is diminished to Jth ; or if the scale is Jrd of the origi- 
nal, then the siz3 will be -Jth ; and vice versa^ if the drawing is enlarged. 

^ The ]^n3, — A suitable lens fitted to a oajQgxa can be used to reduce 
plans by replacing the ground glass with a sheet of clear glass covered by 
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fine tracing paper. The drawing or plan to be reduced should be pinned 
on a vertical stand in strong sunlight, and when focussed to the required 
scale the lines thrown on the tracing paper can be followed with a fine 
pencil. The process is trying to the eyes of the n ^ra,|j Qr. but is useful 
when only one copy of the reduction is required. 

Oopying Plans, Maps, etc., by Process Work.— When the copy is to 
be of the same size as the original and only a small number of copies 
required, the Ferrotype Process is suitable. For enlargements or reduc- 
tions of scale, or when a largo number of copies are required, no hand 
work can equal Photo-meehauical Process .work. The details of the 
operations necessary for successful work with this system of reproduction 
are not suitable for inclusion in a Treatise on Surveying, but a descrip- 
tion of the proper method of preparing drawings for Photographic repro- 
duction and the Ferrotype process is given below. 

Ferrotype and other Printing Processes — The Ferro-prussiate, Positive Oyano- 
type, Ferro-gallate, and othot printing prooeasos are employed for the oopying of plans, 
patterns, or other drawings and consist of printing the required design on sQggitiaed 
papar or cloth, by the transmission of light through the design, by the methods explained. 

Prints by those processes may be said to be permanent and to be unchangeable by 
light or damp 

FEUBO-PBUBsUTja paocESS. {Whiti lines on a blue ground ) 


Melhoi of S^mitUinj the Papa.\— The following solutions have be 3n found to give 


satisfactory results 

/ Ammonia citrate of iron (ferric salt) ,, , 

(Water 

C Potassium f^ri-oyanide (Red Peussiate of Potash) 

2 .] 

(.Water 


100 grains. 

1 ounce. 
70 grains. 

1 ounce. 


The solutions nos. 1 and 2 will keep good for a long time, but should bo stored in 
the dark. Mix equal parts of the two solutions immediately before use, and apply the 
mixture to one side of any suitable paper by means of a sponge, or large flat brush. The 
sponge, which will b) found .pioro useful for tho purpose, should have an even surface ; 
if it is not even, tho sponge should bo cut with a kuifo or scissors to bring about this 
result, so that tho surface may boar uuiformly on tho paper. 

Charge the sponge as full as it will hold of tho mixture, and apply tho solution 
liberally to tho piper for about two miuutes, which time may be more or less aooordiug 
to the season. In the hot dry season a long application is neoassary, about three 
minutes ; during the rainy season a less time is required, generally abeut one minute. 
Cover the surface of tho paper rapidly with tho solution, using long, tree, light strokes of 
tho sponge, working in one direction, until the surface is covered ; then go over tho whole 
surface again, crossing tho strokes at about right angles to those first applied, and so 
on, repeating the operations until the piper has had a liberal application of the 
mixture. Now take tho sponge nearly full, and drag it, without applying pressure, over 
the surface of the paper, using long strokes to remove the surplus solution, yet leaving a 
thin film of it on the paper, the object boiog to obtain as evem a coating as possible^ 
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Daring the operation of ooatingi the paper should be pinned down on a drawing 
board or other fiat surface ; when the coating is finished, the paper is hung ap to dry in 
a dark room and should not be used till it is thoroughly dry. 

When using any hard, smooth* surfaced paper, the operations of coating and drying 
may be repeated seyeral times. By this means a very deep blue ground in the finished 
print can be produced. 

Owing to the excessive dampness which pervades everything during the rains, special 
care should be taken during *^hia season m preparing and storing sen sitised pape r. Before 
the paper is sensitised it should be well dried over a obuicoal fire or stove to expel all 
dampness, after which the sgSAitising solution is immediately applied. This is to be 
done in the manner already described, but in this case, should bo carried out as quickly as 
possible, to provont too groat a penetration of the sensitising solution into the pores of the 
paper. After sonsitiaing, tho papor may bo dried over a charcoal firo or stovo, or may be 
hung up to dry in a room in which a charcoal ilro is burning. Immediately tho paper is 
dry, it should be stored for subsoquont uao in a oyhndrical tin box with a “ take-off lid, 
round which should be placed an India-rubber band to exclude air and moisture, and the 
box should always bo kept in a dry place. In damp weather tho sensitised paper should 
be dried over a charcoal fire before putting it into the printing frame. 

The paper, when freshly prepared, should be of a yellowish orange, but will change to a blue 
colour by keeping, lly adding a bmall quantity of gum arabio or of dextrine to the mixed ie psitia- 
i ng Bol^ ion, and also bichromate of postashium in (tho propoition of 2 grains to each ounce of the 
sensitising mixture, tho printing qualities of the paper remain intact, and the paper will not change 
colour for some time. 

The Ferro-prussiato paper of eommeroe is generally of a bluish tint. This, however, does not impair 
the* pri^ng qu^ies of the paper to appreciable extent, but the prints prepared on it will require 
a more proTongedwashing, than if made on freshly prepared paper. 

Printing . — Opon t’ao pieasuro frame aud lay the tracing, drawing downwards, on 
the glass of tho frame, and over it a sheet of tho scnsitibod paper with tho prepared side 
in contact with the back of tho tracing. Over tho papor lay a pad of felt, or some 
sheets of clean smooth paper, which should have been previous^ dried in the sun, or 
over a fire, and with both hands carefully smooth tho pad outwards from the centre. 
Then put in the back board of tho frame, care being taken that the paper below does not 
slide one way or the other, and cIolO the cross-bars. If the frame has more than two 
orosa-bars, the centre bar should first be closed and then tho side ones. Unless the 
glass, tracing, and a 3 nsitised paper are in olosa and uniform contact all over, it will be 
impossible to obtain sharpness in the i^i^d print. The frame is then taken outside 
and exposed to the direct rays of tho sun, which should strike the glass face perpendi* 
oulaily* If the paper is fresh and diy and the sun bright, from 6 to 8 minutes during 
the cold season will bo found sudioient. After tho rains, when the tky is clear 
and the light veiy intense, tho exposure will vary from about 3 to 6 minutes; 
but at first it is recommended to make exact obsoivations till the right length 
of time to expose has been ascertained. This can be done by trying different 
exposures on a small slip of sensitised paper ; expose one-half for about 4 minutes, 
the other half being covered over so that no light acts on it. Now uncover the 
unoxposed half for about 6 minutes* and cover over the exposed half. After this has 
been done the paper is removed and washed in sevoral changes of clean water, when 
the distinctness of the lines and the strength of the blue ground will indicate which 
half of tho slip gives the better result. This will be a guide as to the exposure 
required for the large sheet. 
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Aasuming that iho correct length of time for exposure has been determined and 
that the paper has been exposed, then quiokly take it oat of the presore frame and 
float in a dish or tray of clean water, moving it rapidly fmm side to side, and 
changing the water sevaral times till the water is no longer tinged yellow, and 
the drawing shows out in clear lines, after which the drawing is hung up to dry. 

Any paper will answer for this process, bnt the host results have been obtained on 
papers '‘Nos 50 and 51,** specially propired for this purpose by Messrs, Schleicher 
and Sohull, and obtainable from Messrs. Treacher and Oo., Bombay. Good results have 
also been obtained on ordinary lithographic paper obtainable from the Govern ment ata * 
tionery QiQoe, Oaloutta. The latter pa'perls very much cheaper that than of Schleicher 
and Sohull, and the results are nearly as good. With these two brands of paper the lines 
show out of a pure white or bluish white, while with other papers the lines are more or 
less of a brownish tinge 

Beady sensitised paper is an article of commerce, and is preparol by Messrs. Marion 
and Oo., 22 and 23, Soho Square, London, W., and obtainable from most oI the photo gra« 
p}ua.flcms in this country. Marion’s paper has been found to give very good results, and 
will keep without deteriorating for a considerable time if stood in cylindrical tin boxes 
and kept in a dry place, as before described. 

Specialty prepared tracing cloth may also be obtained from Messrs. Marion & Oo. Prints 
prepared on it roquiro from four to six times the exposuro ihat a print on paper would 
require ; otherwise, other oondit ous being equal, the procedure in preparing prints on the 
cloth is the same as for paper. When the print is dry, the slight creases in the cloth 
may be removed by rolling it tightly round an ordiaaty ofiSee rubr and keeping it so for 
an hour or more. ^ 

It is desirable that the drawings to be copied should bo on a very translupont material, 
BUoh as fine whito tracing pipor or good fine tracing cloth, the drawings to bo made with 
jjorfeotly Wick ink, in firm full linis, especially the finor ones, so that they may be quite 
opaque. A little ^ur at sienna may bo added to the Indian ink to give it inoreasod 
opacity. Oare should^ be taken to keep the hack and surfaoo of the tracing clean and fioo 
from anything which might print through and interfere with the clearness of the 
drawing. 

As far as possible, all lines usually drawn in colours should bo drawn’in black dotted 
lines of diflerent kinds. However, if the use of ooloar iu the original is compulsory, red 
lines should bs drawn in thick vaemUian ; yellow lines with Indian yellow ; brown with 
burnt umbec ; blue and green lines with a mixture of ohrome yellow and dark Prussian , 
blue in different proportions. All w^hsa of colour^tqi be avoided if possible, but where 
necessary they may be replaced by cross-hatching of the required colour. 

If desired, coloured tracings can bo copied, and provided the coating of colour be not too heavy, fairly 
latistootory prints are obtained. 

Although the best results are got by copying tracings, It is possible to get quite useful results from 
drawings sven on fairly thick drawing paper, a very long exposure being given to compensate for the opacity of 
the paper. 

When the process is regularly used in workshops, etc., in England, it is a common •practice to omit the 
inking In of the drawing on drawing paper, and to make a tracing on very transparent tracing cloth to serve 
as a standard drawing to be kept iu the office. This tracing then serves for the reproduction of blue ooples for 
the shop, etc. 

White lines, figureB> and printing may be taken out of a drawing or obliterated, by 
going over them with a pen charged with a solution of Prussian blue mixed to the depth 
of colour required. 
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Addifcions in white of linos, figures or printing may be made with a clean pen dipped 
in a solution of — 

Oxalate of potash .. .. «. 150 grains. 

*Satura ted solution of gum .. .. .. 40 minims. 

Water .. .. •• .. .. 1 ounce. 

After applying the solution, wait till the linos, figures, or printing are quite white 
and clear ; then blot oft with a piece of clean blotting paper and immerse the print 
rapidly in clean water and wash it well, changing the water a few times. 

In applying the solatiocs given on page 22 to sensitise the paper the fingers become discoloured. These 
stains can be removed by applying a little of the above eolation without the giiln aiabio : rub the solution over 
the fingers till the stains disappear, after which the hands should bo well washed. 

This solution may be coureiiicntly kept in a wide-mouthed bottle, l^igo enough to be able to dip the 

fingers into. 

The pressuie frame required will bo similar to those used for ordinary photographic 
work, and should be large enough to take the largest tracing or drawing requited. The 
front will have a piece of good, thick, clear plato glass, and the back will have a board, 
which should bo jointed in two, three, or more pieoeB, according to its size, and have 
Cifi8B>hars and springs to correspond to the number of joints. A piece of felt or thick 
flannel should bo cut to the size of the frame and kept with it, or in place of the felt 
several sheets of clean soft paper may bo used. 

The glass of the frame should be kept clean on both sides and free from soi’atobes, 
and the felt or paper pads should be thoroughly well dried in the sun, or ov:r a fire, 
before use. 

Pressure frames of any required size ate made up in the Giinal Foundry and Work- 
shops, Roorkee. The cost of a frame suitable for drawings up to ia about 

Rs. 10. Good plate glass, ^ inch thick, and of various sizes, cm bo procmed in the 
Patohpuri Bazar, Delhi, or at Oaloutta. Apiece measuring bo ha I for 

abiut Rs. 10, and the charge is proportioaato for the other sizes. 

A pr^sure frame as described may not always be to ^hancl. In such a case the 
following method answers well ^ 

Take a drawing board, or any Hit board with a fairly oven surface, and on it place 
a piooo of any sort of soft cloth, neatly folded lo as to give a thickness of about an 
inch, the cloth to bo free from liimp.s or irregularities, and when folded to bo some- 
what larger than the drawing to be oopied. On the cloth place the prepared paper 
with the sensitised side upw.ird^ ; on the paper place the tr acing or^ drawing with its 
face upwards ; and over the whole place a piece of good plato glass a little larger m 
size than the drawing it is desired to copy ; the objeot being to bring the prepared 
paper and drawing into close contact with each other, and to keep thorn in one posi- 
tion during exposure. The weight of the glass supplies the pressure, and the cloth, 
being solt and yielding, is pressed against the glass plato, and into any inequalities 
that may exist, bringing the prepared paper and traoing With it, and thus securing the 
contact required. A small strip of wood might be put round the board in Iho form of a 
..l odgq to prevent the glass from sliding when it is tilted to bring the plane of its surface at 
right angles to the sun’s rays If the paper and tracing arc in perioot contact, tilting 
the bo^ird is not of much censoquenee. Good results have been obtained when the 
board has been in a nearly horizontal position, but if the board be not tilted towards the 

• The function of the gum Bolutiou is to give comisteooy to the mixture ami so prevent sprcaiilug of 149 
Uues and figures 
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lun a longer exposure will be required. The oorroot length of time may be afoertained 
by means of a small slip of prepared paper, as already described. 

Dishes or irays^ three or four inches deep, for washing prints, may be of poroelain or of 
strong sheet zino or tin, and should be a little larger in size than the largest print. It is 
recommended to coat the inside of the tin or zinc trays with black Japan varnish, obtain* 
able from any general merchant, or with ordinary shellac varnish (shellac 8 oz., methyla- 
ted spirit 1 pint). The varnish to be removed occasionally as required, and to be applied 
to the trays with a brush, like a coating of paint. Trays made of tin will last bettor if the 
varnish be applied all over the inside and outside surface. 

A flat board or ordinary drawing board will be required for sensitising the paper ; also 
some drawing pins, to keep it in position while being coated with the sensitising solution ; 
a fair-sized sponge to apply th'e solution ; some wooden clips to hold tho paper while 
drying ; a graduated 4 oz. measure for solution ; and a small set of scales and weights for 
weighing ohemioals 

Defects in Feirp^-Di icssiate Frints. 

When the pnnt is weah-looking, with the haoJc groun drather a light blue but lines 
olecL '', — We oonolude 1 hat the print is under-oxposed. Try another print and give a longer 
exposure ; or if the dofect is not very marked, immerse the print for a few minutes in the 
following weak acid solution, 10 drops of hydrochloric acid to 10 ozs. of w itor ; or 103 grains 
citric acid to a pint of water. This intensifies the blue ground an I tho white lines show 
clearer by contrast. Another method, and on: which gives bolter results, is to immerse 
the print for a short time in a bath of 20 grains of carbonate of soda to one quart 
of water. The print should be left in this b>Ui only just long enough to change the blue 
ground to a deeper blue, after whioh it should be at once removed and quickly immersed 
in a tray of plain water (to stop the further action of tho soda), and then well washed, tho 
water to bo renewed several times. When tho print is put in tho soda bath tho lines 
beoemo clearer and the blue ground rapidly intensifies up to a certain point, after which 
it begins to lose its blue colour and gradually ohangoa to a light yellowish colour. Oare 
therefore should be taken to remove tho print from the bath when it is judged that the 
maximum depth of b\vi© colour has been reached 

Ground of print of o very deep blue colour ^ but lines not clear and of a bluish tinge, 
the fine lines of tho original drawing very indistinct and broken, or not seen at oW.— Print 
has been over-cxpo.sod If these defects are very decided, reject tho print and prepare 
another, giving loss exposure. If not too decided tho print may be reduced by prolonged 
washing in several ohanges of water, and then immersing it in the carbonate of soda 
bath given above, till tho desired reduction has taken place, after which the print is 
washed in several changes of plain water. 

P»>ints weak and having a sameinh'it ground of a dull blue 

colour, with lines rather indistinct and of a yellowish by own . — ^This is due to dampness 
owing to insufficient care in preparing, drying or storing the paper, as already described. 
See remarks on preparing and storing paper during tho rains, page 23. 

Ftini generally clear and weH defined, but at pl%ces the lines blurred and of a bluish 
colour , — This arises from imperfect contact between the sensitised paper and tracing. 
Place the sensitised paper carefully in position and avoid crumpling it, as the tracing 
and prepared paper should be perfectly smooth and even. 

Streaks of white and white spots in the blue growtid of prinf.— These are due to want 
of care in coating the paper with the sensitising solution. If the solution be applied 
liberally as directed, the whole surface of the paper covered with it, and the excess sol^* 
|io 4 reznoyed carefully, these markings will not show. 
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Mai king in print corresponding to the form of finger tips — These are due to handling 
the sonsitivo surface of the paper when the hands are In a heated state. The remedy in 
this case is obvious ; the sensitive surfaco should bo touched as little as possible with the 
fingers. 

Ground of print of a light blue colour and line^ of a light bluish tint^ when it is known 
that thepiint has not had mote than the normal exposure to sunlight . — This is due to the 
sensitised paper having dotorioratol by k 50piug, or the paper miy have been exposed to 
white light, which would oooasion a blue deposit over the whole surface. Nothing can be 
done in this case ; the print will show a want o£ force and brilliancy due to the blue 
deposit on the lines, which in good, fresh and properly prepared paper would bo of a pure 
white. 

Positive Ovanotype PnooESS. {Blue lines on a white qround ) 

Paper specially prepared for this procoss is an article of oommoroe, and can bo had 
from Marion & Go., 22 and 23, Soho Square, London, W. It will bo found more oonve* 
nieut to purchase the paper ready for use than to prctiaroit. Without proper appliances 
and practice it is difficult to get an even coating. 

If, however, it is considered desirable to prepare sensitive paper for this process, hard 
and well-sized pa^ar should be selected ; ao,that the sensitising solution may be kept, as far 
as possible, on its surface. Gooi ordinary drawing paper is suitable, also Rives’ or Saxe 
paper generally used for photogcapliio prints, but the papers Nos 50 and 51 by Messrs, 
Schleicher and SchuU, already described, have boon found to give the best results. 

The following solutions are required for sonbitising the paper : — 

A 


Gum arabio . , 

, , 

.. ., 1 oz. 

Water . • 

13 

. • • • 6 „ 

Ammonia-citrate of iron.. 

.. 

. , , . 1 oz. 

Water . • 

C 

» • • • 2 ,, 

Perohloride of iron . , 

• • 

1 oz. 

Water ,, ., 

. . 

.. ,, 2 „ 


Solution A can only bo kept for a few days : bolutious B and 0 will keep for several 
weeks in well-stoppered bottles. When required for use, they are mixed together in the 
proportions of 20 parts of A, 8 parts of 13, and 5 parts of 0, and in the order given, or 
the gum will be coagulated. Should this occur, the mixture miy again be rendered 
liquid by the addition of a few drops of glacial acetic acid. 

Sensitising the poper.-^Hhia operation and all the subsequent ones, except the 
exposure to sunlight, must bo porformid in a room illumiaatod by yellow light passing 
through ouo or two thicknesses of yjllo.v piper or cilioo fastjnal over the windows, or 
weak lamp light. The p iper is pinned down to a drawing boird, and the solution applied 
as described tor sensitising paper in the B’erco-ptussiate process, only more care has to be 
exercised ; the coating to be as oven as possible, so as to avoid streaks. It is import mb 
that the paper should dry quickly, se that the solution may not sink into its substance. 
As soon as the paper is dry, it will be Well to put it away owofully in an air-tight tin 
case 

JSosjjosiird.— The expoaire will vary with the intensity of the light. In direct 
sunlight fiom 15 to 40 seconds will bo found sufficient; in the shade or dull 
light from 1 to 5 minutes; in rain from 5 to 15 minutes; and in dull foggy 
weather as muoh as from 15 to 30 minutes or longer may bo required. By praebioe one 
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■oon learna to gusss th« proper ezpoeuro under ordinary conditions of working. It is 
important, however, that in this process the exposure should bo exactly right, and 
therefore, unloss the exact time required is known from past experience, it is advisable 
to try different exposures on a thin slip of sensitive paper in the manner already described 
for Ferro-prussiatd prints. 

Development of the print . — This operation must be performed lu yellow light. The 
developing solution to consist of a saturated solution of ferru>cyanide of potassium. 

A bulfioiont quantity of the solution should be poured into a dish or tray feo as to fill it 
to a depth of about an inch. Before commencing to develop, the print is laid face down- 
'wards on a table, and the edges turned up carefully with the aid of a straight- edge, so as 
to form a sort of tray about ^ inch in depth. The copy is now floated face downwards on 
the developing solution ; the turned-up edges prevent any of the solution from getting 
on the back of the copy, which would cause blue stains to appear. Any air bubbles must 
be removed by quickly lifting each of the corners of the copy in turn by one hand and 
gently lowering it agtin, the other hand being used at the same time to drive out the air 
bubbles from the oontre. After fioatiug the copy on the developing solution for about 
half a minute, remove it carefully, hold it up, and allow the action of the developer to 
oontiQue, but only so long as the yellow ground remains free of blue spots. The longer 
the film of Prussia to can be kept on the print, the stronger and darker will the lines 
come out. As soou as any sign of a blue spot begins to show, immerse the print at once 
face downwards in a tray of olean water, and wash it in several changes. 

After washing, immerse it m a bath of hydrochloric acid, 1 ounce to 10 ounces of 
water ; keep it in this bath from 5 to 10 minutes, after which remove and place it face 
upwards lu a tray of olean water, and well wash and rub tho surfaoe with a sponge to 
remove the bluemuoilage ; then copiously flu^h with clean water. The lines of the copy 
will now be found to stand out blue on a clear white ground. 

For the developing and aoid eolottwm trays of lead in wooden frames will be required ; 
the luside of the trays to be coacod with Bates’ black photographic or shellac Yarnieh, the 
coating to be renewed as necessary. For washing the print, trays as described for the 
Ferro 'prassiate process wiU answer. 

Caum of fail tit e. 

The ground appears This arise, from uudor-expoouro to tho light, or from thU 

print having been kept too long exposed to the action of the developing bath. 

The ground remavid whiter while the hnes are brokm an^ pale. —This may bo due to 
over-exposure, or to the 1iqo.s of the tracing uat bjing sulficisutly opaque to stop the 
passage of light through them. 

When the print ts put %n the aoid b'jith, the limi tu n a dark blue, which washes off 
when being 6ri4i7tdcZ.— This arises from insufiScient development in the prussiato bath. I! 
the ground is also spotted blue, it is due to under-exposure. 

To obtain .prints showing blue lines on a clear ground by a modification of the ordi* 
nary Ferro-Ff ussiate P/'ooeiS.— Place the drawing or tracing to be copied with its back 
against the glass of the printing frame ; then place over tho drawing or tracing a piece of 
prepared sensitised tracing cloth, with its sensitised surfaoe down against tho face of the 
drawing ; close the printing frame and give a prolonged exposure to light, the exposure 
to bo throe or four limes longer than would be required for an ordinary Ferro-prussiate 
copy. 

After exposure proceed as doioribed m the Perro-prussiato process. When dry., the 
print may be trsated with a weak solution of carbonate of soda, to intensify the blue 
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ground and clear the lines, after which it should bo well washed and hung up to dry. 
When dry, roll the print round an ordinary office ruler, the object be’Ug to remove all 
creases from the cloth. 

When the copy is smooth and even, place it in the printing frame with its back 
against the glass, then place a pjeco of sensitised paper or cloth, with the sensitised 
surface down, on the face of the prepared negative copy, and operate as already described 
for obtaining an ordinary ferro-prussiate print. As the light is passed through a nega- 
tive copy, a positive print— one showing blue lines on a clear ground — will bo produced. 

Instead of preparing the uegative copy on tracing cloth, paper may bo used ; the 
paper print can bo made tniusparent by rubbing it over with vaseline, or by applying a 
mixture of one part castor oil and five parts spirits of wine 

FEBao-GAiiLATE PRINTING PROCESS . — {Thu proocs^ u useful ifi thc t oproductioft in 
black lines on a cleat ground of facsimile copies of drawings, plans a?i^ tracings,) 

Pape/.— For this process a hard wcll-sizod paper is indispensible. Schleicher and 
Schull's paper Nos. 50 and 51, obtainable from Messrs. Thacker & Go, or from Messrs. 
Treacher & Go., Bombay, answer fairly well, and ate the best of their kind for this 
purpose to be had in India. 

Developing Trays.— T cays for developing should be made of wood, lined with sheet 
load, the lead to bo protected with a coitmg of black Japan varnish Prays of zinc or 
tin protocted with Japan varnish ansvve.' fairly well, but the acid solution when not in 
use should not be kept in the trays, but should bo stored in an oarthenwaro vessel. 

For washing purposes zinc or tin trays are quite suitable 

Sensituing the papets. — This operation must be carried out m a room illuminated 
by yellow light passing through one or two thicknes-jos of yellow paper, or oloth fastened 
over the windows, or by c indie, or wcik lamp light. The following formulie are rooom- 
mended for sensitising the paper— either No. 1 or No 2 may be used : — 


Water 

No. 1. 



. 15 ounces. 

Gelatine 

.. 

* • 

.. 

i ounce . 

Perohloride of iron 

• . 

.. 


. 1 M 

Tartaric acid 

.. 

.. 

. 

. i .» 

Persulphate of. ziuc 

.. 

.. 


. i 

Water 

No. 2. 



30 ounces. 

Gelatine 

.. 

. . 


. 1 ounce. 

Perohloride of iron (solid) 

.. 


. 

. 2 ounces. 

Tartaric acid 

.. 

.. 

, 

. 10 drams. 

Forric-sulphate . . 


•• 


. 10 „ 


The paper is laid smoothly clown on a drawing board, glass plate, or other flat sur. 
face, and should be fastened down on two sides with pins or clips. 

7 The sonaitisin^aqliUiiQn is applied to the paper by moans of a fine sponge, which 
should be passed lightly over the paper, up and down and across, taking cate to equalise 
the coating as much as possible, and to avoid streaks or other markings. Before 
applying the sensijbising solution it is advisable to dry the paper over a charcoal fite or 
stove to expel all dampness, after which the solution should bo immediately applied. It 
is important that the se nsitised pape r should dry quickly so that the solution may not 
sink into its substance ; it should, therefore, be hung up to dry in a room in which a 
stove or charcoal fire is burning. This of course would not bo necessary in the hot dry 
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season. When thoroughly dry the sensitised paper should bo stored for subsequont use 
in a tin cylindrical box with a take-ofE lid, round which should be placed an India-rubber 
band to exclude air and moisture. 

£ 7 a;po 5 ttrs.— The exposure to ' unlight is about the same as for ferro-prussiato prints, 
that is, from 5 or 10 minutes according to the intensity of the light. To ascertain if the 
exposure has been suiBoiont, open the pressure frame and lift up one corner of the 
eeiiifi^od'paper ; if the greenish -yellow tint has disappeared, except where covered by the 
lines, it shows that the exposure has been sufheiont, and the print should be removed 
from the pressure frame. 

Developing. operation must be carried out in yellow or red light. The copy is 
floated face downwards on the following solution : — 

Gallic acid .. .. .. .. .. 1 ounce. 

Oxalic „ .. .. .. .. ..5 grains. 

Methylated alcohol •• •• .. ..10 ounces. 

Water.. .. .. .. .. .. 60 „ 

Oaro is to be observed in floating tho paper. Hold two opposite corners of the paper, 
and bring the hands nearly together, a gojiyex form is thus given to the sheet, the 
middle of which should flrst touch the solution, the corners held by the hands to be 
gradually brought down till the sheet floxta on the liquid. Tho formation of air bubbles 
is thus prevented ; should, however, any be formed, they can bo removed by tho aid of a 
glass stirring rod. 

The copy should hi allowed to romain on tho solution till the linos show up clear and 
black. It is then romoyed <iad washed thoroughly, and, if necessary, the surface rubbed 
with a soft sponge to removo any stains or markings, after whioh tho print is hung 

up to dry. 

The following can bo recommonded also as giving satisfactory results j— « 

Sensitising mixlure. 

. f Gam arable .. T. .. ..1 ounce. 

^'(.Water .. .. 10 ounces. 

n ( Tartaric abid . . . . . . . . . . 1 ounce. 

Water .. .. .. .. 4 ounces. 

G. Solution of Ferric chloride, 45* Baaume . . . . 2 „ 

C Ferrous sulphate .. .. .. ..5 drams 

\ Water . . . . . . . . . . 4 ounces 

Solution D is added to B, and the mixture added slowly with constant stirring to 
A ; Anally solution C is gradually added stirring well the whole time during admixture. 

Tough smooth well-s ized paper should be used. The se nsitis ing jcnixture is applied 
by means of a brush, and the paper quickly dried by heat. Exposu re is complete when 
the ground of the print is nearly white, the parts protected from the light being of a 
light yellow colour. Development is eflected by floating the print for about one minute 
face downwards on— ' " 

Gallic acid . . . • • • . . . . 1 dram. 

Oxalic „ .. .. .. .. ..3 grains. 

Water .. .. ,. .. .. ..50 ounces. 

The print is then removed from tho developing bath and washed well in plain 
water. 

Beadymsensitised paper.— Paper leady-sonsitised (Ferro-gallic paper) is prepared by 
J. B. Gotz, 19, Buckingham Street, Strand, London, and can be purchase^ from Thacker 
& Co., Bombay. 
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The following is a good developing formula for ready Bensitised paper : — 

Gallioacid .. .. .. .. .. 1 oanoe. 

Alum . . . . . • . . . . . . 1 „ 

Water .. .. .. .. ..8 pints. 

The acid and alum should first be dissolved in two pints of hot water, after which 
the remaining water should be added. 

To develop prints on this paper the copy is immersed in the developing solution till 
the drawing shows up clear and the lines black, after which it is washed and hung up 
to dry in the usual way. 

Defects. — Over-eiposure is known by the linos being faint and broken, the thick 
lines only to be seen while the ground is white and clear. 

When the ground of the print is dark and discoloured it denotes under-exposure 

The hues after prolonged immersion in the developing solution are of a dull brown 
colour, while the ground is clear. Ihis shows that the acid in the solution is nei^rly 
exhausted. Add more acid, or if, owing to b number of prints having been developed 
with the solution, it is very much discoloured, a fresh developing solution should be 
made up 

Tho basiH on which the preceding proccaaca arc founded is that a ferric salt la reduced to the ferrous state 
by the notion of light. Thus, taking foine chloride (Fe Cl* j as an example, thla salt on joxpoaute to light 
throws oir one atom of chlorine and becomes fenona ohlorldo (Fe Cla). If a solution of a ferric salt lie 
applied to one side of a amooth-aur faced paper, tho surface of the paper when dry will present a yellowish colour 
Inclinoil to orange ; If tho paper bo placed m a p ressure fiam e under a transparent drawing or tracing, and 
exposed to sunlight for a fixed time, a change will be found to have taken place ; tho parts of the paper immedi- 
ately under tho transparent parts of the drawing or tratung will be of a light brownish colour, nearly white, 
while tho other parts of tho paper immediately under the lines will be found unchanged, and on the paper 
wo shall have a copy of tho drawing or tracing in yellowish orange linoa on a nearly white gcpjmd ; this is the 
visible change. Tho chemical change is that whore tho light has passed throngh the transparent parts of the 
drawing to tho prepared paper immediately below and in contact with it, the ferric salt on the paper has 
been reduced to tho ferrous state in these parts by tho action of light ; while, owing to the opsoify of the ink 
lines of the drawing or tracing, no light can roach the paper immediately below the lines, and therefore no 
change tikes place, consequently under the lines we have the unchanged ferric salt. Thus, we have a ferrous 
and a ferric salt on tho paper ; the ground of the drawing will ho of a ferrous salt, wbilo tho lines will he made 
up of a ferric salt. By applying ro-agents, which act dilTorontly on these two salts of iron, this reduction is made 
apparent, and a coloured picture or drawing n produced. Thus, if fern-cyanide of potassinm (K, Fe Cyg) bo 
applied, all tho parts acted upon by ihght become blue ; that is, when forri-cyanide of potassaum is added to a 
errous salt a deep-blue procipitato is produced of ferrous ferro-cyanido [Fe, (Fo Cy,) called Turnbull’s 
blue, and the blue matter thus produced is insolublo. Tho ferri-cyanide of potassium causes no ch iiige .n the 
ferric salt (which corresponds to the lines of tho drawing or tracing), which being soluble can be washed out 
in water, giving a print on the paper of white lines on a blue ground. Piints thus produced are called ferro- 
prossiate prints. 

Ferro-cyanido of potassium (K* Pc Cy.) acta on tho unoxposed parts or parts not acted on by light, that is, 
on the ferric salt, and produces with it a deep blue precipitate of ferrlc-foriocyanlde [Fe, (FoCy,),], which 
is insolublo. The ferro-cyanido of potassium occasions no change in the ferrous salt, which is therefore soluble 
and can he washed out in water, thus giving a copy on the paper of bluo linos on a white ground. Prints 
produced by this method are called positive ofainogpe prints. 

Similarly, gallic acid (L, H, 0,) or tannic acid (Ci, H„ O,,) used in place of the ferro-cyanide of potas- 
sium, produces a black nearly insoluble compound (ink) with a ferric salt (corresponding to tho parts not acted 
on by light), and causes no change to a ferrous salt (corresponding to the parts acted on by light), which 
remains soluble and can be washed out in water, giving a drawing of black lines on a nearly white ground. 

For the production of drawings giving white lines on a blue ground (ferro-pmsslato prints), instead of 
applying a solution of ferrl-cyanlde of potassium after exposure to light as desoribed.in praotiee it has been 
found more oonvenient to mix the ferro-cyanide of potassium with ferric salt before exposure : the mixture s 
spread on a paper and dried in a dark room. It will be observed that the ferro-cyanide of potassinm produces no 
olpqge vlth a ferric salt, but if the papar so prepare! be placed in a pressure frame under a iranspartfil 
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drawing or tracing and exposed to light, the ferric salt inime'diately under the transparent parts of the drawing 
is reduced to tiie ferrous state by the light, as already described, and conjointly with this reduction the 
ferri-cyanide of potassium acts on the ferrous salt thus found and produces with it an insoluble blue matter, the 
unchanged ferric salt on the paper immediately under the opaqne lines of the drawing remains soluble and washes 
off in water, thus giring a drawing of white Imes on a blue ground. 


Anilinb Pbxntinq Pbocess. — (Reproiuotion in dark lines on a clear ground 

from a ttacing,) 

This process is dependent on tho action of bichromates on organic matter, and the 
oifidation of aniline by chromic acid. Thus anilino salts have tho property of 
sticking certain colours when brought in contact with acidified bichromates. Sised 
paper is sensitised by brushing over it an acidified solution of the bichromates of 
potassium or ammonium, and is dried quickly in the dark, or in a photographic dark 
room. Tho paper is then exposed to light under a tracing, and when the lines and 
figures arc visible, is exposed to the action of anilino vapour. Those parts protected 
from light by the lines or figures of the tracing become deeply coloured by the action of 
tho anilino vapour which reacts on the cromic compound not reduced by light, and causes 
no action with the reduced chromium salts, as these acquire a neutral reaction and will 
not readily assimilate bases 



Sensitising solutions. 


( 

' Potassium bichromate . . 


,, ICO grains. 


j Phosphoric acid solution.. 

. , 

2 ounces 

i 

„ Distilled water 

. . 

.. c „ 

1 

r Ammonium bichromate . . 


.. 160 grains. 


„ chloride 

. . 

.. 160 „ 

2. -j 

Sulphato of copper 

.. 

.. 30 „ 


Sulphuric acid . • 

.. 

.. t ounce. 


Water 

•• 

.. 10 ounces. 

Either 1 or 2 may be used. 




The solutions keep in good oondition for a long time, but it is advisable that they 
be stored in the dark. 

Only good well-siaod paper should bo used ; and sensitising may bo carried out by 
brushing or floating. 

Sens%tmng*-~~The preparation of tho paper may be carried out by lamp light, sub- 
dued day-light, or yellow light , but tho paper must bo dried in tho dark, or in a 
photographic dark room. It will be found more economical to apply tho sensitising 
solution by means of a brush, which should be fairly largo and flat. The solution 
should be applied as quickly and evenly as possible so that it may not penetrate too 
far into the body of tho papor. The surface of the paper only should be impregnated, 
otherwise the ground would bo more or less discoloured, and tho linos and figures being 
imbedded would not be sharp. After sensitising the paper should bo dried as quickly 

as possible, and should be used on tho day it is prepared, or, at most, tho next day, as 

it does not keep. 

PriwWnf^.— The printing is carried out as described in the ferro-prussiate process ; 
the paper, however, is more sensitive than ferro prussiate paper. The print should be 
exposed till the lines and figure of the drawing appear of u faint yellow colour on a 
greenish-white ground. In bright sunlight the exposure is generally from onq to 
twQ minutes. 
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The print Is put into the bottom of a shallow box with a close- 

fitting lid. On the lid is fastened a pieoe of damp fiannol, and on this piece is 

attached another bit of flannel on which a lit tl 3 of tho following developing solution 
is sprinkled:— 

Aniline solution . . . . . , , , 1 ounce. 

Benzole .. .. .. .. ..12 ounces. 

Development is comploted in from five to ton imnuios dopondent on the duration 

of the exposure to light. The best losult is obtained by .i fairly long oxposur 3 and 

prolonged development. 

When a good dark tone IS ptol need, the print is washed in plain water and then 
immersed for a short time in a bath of Sulphuric acid \ ouno3, water 50 ounces. 

It is again washed in a few changes o. water and finally immersed for a few seconds 
in a bath of — Liquor ammonia ^ ounce, water 40 ounoorf. Tho print is then removed, 
washed and hung up to dry. The acid and aminmii baths are not essential, but better 
results are obtained by their use. ' ' ' 

Moisture is absolutely neeoasary iu tho dcvol^qiout of aniline prints. Care should, 
therefore, bo observed that tho flannel attaohoiT^ tho lid of the box is thoroughly 
damp. Should tho air iii tho b^x be dry develop moat will not bo satistaotory. 

Development miy ahe be earned out by pinning the expo led print to the lid of 
the box, and having tho damp flannel, with tho piece on which tho aniliho solution is 
sprinkled, at tho bottDm. Also, instead of sprinkliag tlio developing solution on the 
flinnel, the solution may bo placed m a shallow dish at tho bottom of tho box, and when 
development is completed, tho solution rom3Vod and stored for future use in a well- 
fitting stoppered bottle. 


pEUnic OniiOniDB Gei^tine PaaOESS — -{Dti/A: on a clear 

ground ft 01)1 a tracinj ) 

This process IS dopondeut on the action of a forrio salt o« gelatmo, in that ferric 
chloride has tho property of roiilermg golitmo insoluble. 

Paper is cqj^teJ with golatina to which a pigmmlj is a ided as^jlo.v — 

Golatiuo •• •• .. .. 300 grams. 

Water .,10 ounces. 

The gelatine should first bo soaked in half the givm water, nutd it is fairly soft, 
then tho remainder of the water added, and the mixture stirred and disced vod by 
means of a gentle he it. Inliati ink or any snitible pigment is then added in sulficient 
quantity to bring about tho required colour. 

Tho warm pigment,?d gelafcmo solution should be applied to tho piper by brushing, 
care to be observed that the coating is thin and uniform. ^ 

The paper is then dried and should present a umtotinly coloured surface. 

When dry the paper is sunsiti^od by immension in a solution of — , 

Feme chloride ,, ,, ,, 2 ounces. 

Tartaric acid .. .. .. ,, 300 grains. 

Water .. ,, ,,20 ounoes. 

After sensitising tho paper is dried in the dark oi’ in a photographic dark room. 
Printing is ca 'tied out as described in tho Porro-gallate process : the exposure to sunlight 
being about from 5 to 15 minutes according to tho intensity of the light. 

Tho part exposed to light, that is, tho ground ol drawing, beoom)S soluble iu hot 
waior, while the parts protected from light by tho linos and figures of the tracing 

5 
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remain insoluble ; hence devolopmont is effected by immersion in hot water, and a print 
is obtained, according to the pigment used, showing dark or coloured linos on a clear 
ground. 

.'/JV 

AcidipibjlJnk Pbooess . — {Blade l{nes on acUar ground,) 

Paper IS uniformly and thinly coated by brushing with — 

Gelatine .. .. .. .. .. SOO grains. 

Water.. .. .. .. ., 10 ounces. 

When dry it is sensitised by brushing on the hade a solution of— . 

Ilichromato of potassium .. .. 150 grains. 

Ammonia .. ,, ^ dram. 

Water .. .. ,, .. 10 ounces. 

The solution should be allowed to thoroughly imbue the paper ; to effect this a second 
brushing should bo roiortod to, after whioh the paper is dried in a dark room. When 
dry it is exposed to light uudor a tracing in a prosauro frame until the linos and figures 
of the drawing are well dofmed. 

The piper is then immorsad in hot water and the biohromatised golatino not ren- 
dered insoluble by the actiou of light, that is, those pirta protected by the linos and 
figures for tho tracing, dissolved out, loaviug baro piper at those parts. 

The paper is then blotted and brushed over with — 

Liquid Indian Ink ,, .. ,, ,, 1 ounce. 

Sulphuric acid . . . . . . . . 30 minims. 

Caustic potash .. •• .. 12 ,, 

Tho ink solution fixes itself only on tho bare paper, whioh represents tho lin's and 
figures of tho drawing, and a copy showing black linos on a clear ground is produced. 

Modifie."' Carbon PfiocESS.—( Bfac/c lines on a clear ground ) 

Paper is coitod with gelatine and sensitised with biohromato of potassium as des- 
cribed in the Acidified Ink Process. It is dried in a dark room, and when dry exposed, 
in a pressure frame, to light under a tracing until the lines and figures of the drawing 
are olearly visible. Tho paper is thm iniin irsod in cold water and sponged, the water 
bsing clKingad several times to remove the chromium salt not reduoed by light. The 
paper is now bliJttod fairly dry and its surface brushed over with— 

Liquid Indian ink .. .. .. .. 1 ounce. 

Bichromate of potash . . . . . , , . 10 grains. 

After applying tho solution the paper is dried in the dark or in a photographio dark 
room. When dry it is placed in a pressure fr.iino, with the haeJc of thj paper next to 
the glass of tho frame, and expose 1 to sunlight fo.’ about two minutes. The paper is 
then irriSnorsed in plain water, and the ground cleared by moani of a hard brush or 
sponge until the drawing shows up in black lines on a clear ground. 

The rationale of the foregoing is that In tho first exposure to light under a tracing 
the ground of tho drawing was, by tho action of tho light, roudorod insoluble and practi- 
cally ijon- absorbent ; while the parts protoctol from light, which correspond to the lines 
and figures of tho drawing, remain unchanged and absorbent ; consequently the lines 
and figures only take up the bichromatisod Indian ink and thereby become re-sensitised. 
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When tho back of the copy is exposed in the pressure frame light acta through and 
on tho linos and figures, rendering the^o insoluble, but practically causyg no action on 
the ground of the print, which is easily cleared by means of a sponge or brush, and thus 
a drawing showing black lines on a clear ground is produced. 

Note.— T he bichromates of potis^ium and ammoniam are highly poisonous. 


Preparation of Drawings for Photo -Mechanical Beproduction.-^^’JioiiO'“^®chanioal 

processes for the rcprodnctlcn of lino dravvlngs are economical and rapid, in proportion to tho com* 
plexity of tho drawing, or tho amount of detail in it, or wliou tho drawing has to bo reduced or enlarged. 

An important point in favour of Photo-iujchanicai reproduction u that the result is a faO'Simile of the 
original in all bat scale. Tho scale, or rather tho size of a copy of tho original, can bo altered without 
any additional expense, and this renders tho process peculiarly wo] 1 adapted for Record or Type plans, which 
can be reduced to a dlmonsion suitable for binliug in book form without sensible loss of clearness and with 
a great increase in convenience. 

Papfli*.— The paper should be perfectly white or slightly bluish, but of no other tint; it should be of 
good Bubstanoe and of uniform tsxture, an I the surface smooth but not too highly glazed. Hand- made is 
preferable to machine-made paper ; tho ordinary white and blue Imperi il, and white Double Elephant papers, 
as supplied by Government, arc suitable. 

Jjifc —The best quality of stick Indian ink should invariably bo used Tho ink should bo f'/ made, . 
being evenly rubbed down, using a light pressure on a smooth surface, till it Is sufficiently thick to give full 
dense back lines. 

Good ink should bo perfectly fioo from grit a black, biouzy, shinijjg appoaianoo in the stick when 
broken is gonoially indicative of good ink, while a du I fracture generally denotes an uiforior quality. 
Unless thoroughly wall grouud black mk is uicd for a diawiug, the reproduction will not bo pci foot. 

Inking , — Tho inking in of a drawing shiuld bo done, as fir as practical)! o, entirely in pure black linos, or 
dots of uniform intensity. The liujs to bo tirmly ani cloi'-lv di nvii, smoith, o/on, and iinbrok)!!, int too fine, 
and not too close together ; tho finest linos must bo quite black with a good deposit of ink on them 

Linus of section, wabor-lovel, etc., usually shown iii rod oi blue*, should be diawn in black dotted lines. 

Washes or shading of any cobur are midmi'inbb , crosi-hatcliin j s’fTIuld be us)d to distinguish difforont 
materials or parts of struoturos. 

All printing, Oguroa, etc., should bo bol 1 an I op ni with tho “ thiu '* sti oke i i»it loo fine. 

Drawings intended for reproduction to a reduced scale shoald, generally, bo drawn in a miicli more open 
stylo than would bo suitable for fluishcd drawings on tho same scale Ca. e should bo observed not to crowd 
in lines in the shaled parts, nor to usi mo o linos, p lutiug, aii<l figures tiuu are really necessary. 

Tracings.— Drawings for rop/odu tion may also bo oxocutod on tracing 

Special papers are manufaetuiel foi use in coiinoction witu tlio roproduetlon of drawings by process work. 
Those papers are white or slightly bluish, an I should bo u-)9<l in prelerenoo to tlio o.diiiary kinds, which are 
generally of a jcllowish coloui and quite unsuitable. 

iScaftf.— Tho scales on diawings iiitondod for rolu -lion ^hiuld geiiorally bo sh iwu in terras of a single unit 
of mersnremont (.*m Fig. 19) as ‘ ' Scale of miles, yvds, feet, 9 tc., ’* and nut as relative to any second unit, as 
“Scale, 20 feet to 1 inch.” ' 

Fig. 19 . ^ , 

>• /. ' f »*; 

10 5 0 30 20 .10 40 biireet. 

I .U, , Li .ULliU: — 

General.— All drawings or tracings intended for loproductiou by photography should, when practicable, 
be kent flat or rolled but not folded care should bo observed to keep them as clean as poislblo on boll; surfaces, 
and fim from stains, creases and wrinkles. 

Id preparing flulshod d -awings, with a view to reproduction, and subsequent publication, tho greatest 
care should be taken to give them a high degree of neatness and finish. Photography produces only a fac- 
simile, and unless tho original drawing be well finished lu every pirtipubr with good Imes, printing, figures, 
etc., reproduced copy will not look well. Duecaro, therefore, should bo observed prepaiing drawings, 
so tb&t after they are copied tho results may be fit for imuioJiato issue, and nojjj^quirc alterations and 
working up, which luiau du'ay in cairyiug out work and add cousidonbly to tho oxpouso. 



CHAPTER II. 

PRINTING-GENEUAL RULES APPLICABLE TO ALL * 
GEOMETRICAL DRAWINGS— INSTRUCTIONS FOR 
THE PREPARATION OF FINISHED ARCHITEC- 
TURAL AND TOPOGRAPHICAL DRAWINGS- 
CONVENTIONAL SIGNS. 

Printing,— It cannot bo too strongly insisted upon that a finished 
drawing cannot be produced without first class priuting. Too much care 
cannot be given to this matter, as a good style of printing is essential to 
the production of a rc<ally good Engineering or Topographical Drawing, 
more specially the latter, as the names of towns and villages are all over 
the place. 

This perfection cannot be at tained without a great deal of practice, 
care and perseverance, It must, h)wcver, be pointe I out that this perfec- 
tion should only be expeotei from, and sought after by, Draftsmen and 
the subordinate ranks. 

Enginecis and superior officers should seldom waste their lime in 
cndeavouiing to print up a drawing with fine headings and copper-plate 
printing. They should content thcmbclvos with producing neat and 
legible words, and leave the finished work to their less highly educated 
inferiors. 

This Chapter, Lowever, will be devoted to showing how any intelli- 
gent man, with care and perseverance, can become a first-rate printer. 

As a rule BLOCK PRIN'J’ING is decidedly the best for all kinds of 
Headings, being neat and legible. For Main Headings fiincy letters 
moy occasionally be used, but it may be laid down as an axiom that the 
plainer the lettering on a drawing the better. 

Block printing may be either upright or sloping. The proportion of 
breadth to height varies considerably in different alphabets, and may range 
from the square 'Morin, in which the breadth is equal to the height 
down to the elongated, " in which the breadth is reduced to anything 
down to one-third of the height. 

The first thing to do is to decide the height of the letters it is proposed 
to use fur a heading. This must entirely depend on the size of the draw- 
ing, and should be strictly in proportion. Having decided the height, it 
is next necessary to decide the proportion of breadth to height, 
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The most symmetrical in appearance and the easiest to execute is an 
alphabet in which the breadth of the larger number of the letters is four- 
fifths of the height. Divide the height selected into five spaces {Plate II). 

Then most of the letters are four of thase spaces broad. The exceptions 
are — I = 1, J = 3, F L = M T W = 5. The spaces between the 
letters may bo 2 or IJ, and between the words 5 or G according to taste. 

Then to put in a heading, after selecting size, write it roughly thus — 

PILlA NlAlN DjS ECiTlIlOiN 

4j3j|4 4|4|4 4' 4 4 4|5|ll4l4 spaces=53J 

2 2262 26222222 „ =34 


Total =87J 

Take 87 J spaces and place centrally. Then rule the boundary lines 
of each letter ^ and ajttr, if necessary, the single space lines within each 
letter. This gives as little rnlirig as possible, and also gives spaces 
correct. If single space lines are ruled all along, one letter of the 3} 
breadth throws out all those after it. 

If a more upright narrower style is required, instead of taking spaces 
•Jth the height, take them Jt>h or |th. 

It should be borne in mind that the terminations of all letters should 
be always flat, never pointed or rounded. 

One of the difficulties of the beginner is to know what is bad and 
what is good printing; it will, therefore, be useful to point out a few of 
the mistakes to avoid, and points to be not ^d in the formation of 
certain letters. Refer for each letter to Plate II. 

In the letter A the cross stroke should be about one-third of the way 
from the bottom of the letter. 

In the letter B the upper portion should be about one-tenth smaller 
and not quite so broad as the lower portion. 

In the letter C take care that you place the lower termination exactly 
below the upper one. 

In the letter E the upper horizontal stroke should be slightly shorter 
than the lower one, but be careful to avoid exaggeration. 

In the letter G avoid all fancy forms. 

In the letter K the upper diagonal meets tho perpendicular stroke 
two-thirds of the way down. The lower diagonal joins the upper one in 
such a position that if it were produced it would meet the perpendicular 
stroke one-third of the distance from the tpp. 

The letter M requires to be treated with a certain amount of discre- 
tion; if the strokes used are broad the letter should bo five spaces broad 
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to avoid looking heavy ; if the strokes used are thin the letter should 
be only four spaces broad. 

In the letter R the lower termination of the tail should be flattened. 

The letter S is a very difficult letter to form; the upper half should 
be less broad than the lower, and a horizontal line dividing the upper 
and lower curves should be nearer tho top than the bottom. If the two 
curves h^-e made the same the letter will look top-heavy as may be seen 
in the Plate. ' 

The upper stroke of the letter Z should be somewhat shorter than the 
lower stroke. 

ITALIC PRINTING {Plate III) is welladipted for tho information 
to be entered on ordinary plates^and surveys. To execute this, tho beginner 
should rule three lines parallel to each other to regulate the heights of 
the small letters and capitals Tho distance apart of these lines will 
depend on the size of the printing desired, but lines three and four- 
sixtieths apart will be found convenient to start on, Parallel lines should 
then ba ruled at intervals of about h\lf an inch to define the slope of the 
printing. 

The beginner should pencil each letter in with the greatest care before 
inking in, avoiding tho use of India-rubber. When he has gained 
sufficient proficiency through practue, tho pcaiil miy be dispeiiiod with. 
Students should remember that it is impossible to priib after taking any 
violent exercise as the hand is not sufficiently steady, 

lu Plate IV is given an example of another style of prinbiag, which is 
fairly easy to ac(fuire and which may be occasionally useful. 

General Rules applicable to all Geometrical Drawings. 

1. Instruments, especially rwliny pens, should be kept scrupulously 
clean. Glean drawings cannot be executed without clean hands. Keep a 
piece of paper under the hand when working. Wooden aud ebonite 
rulers can be cleaned by rubbing thera^itWhrErg^ Always rub them on 
a piece of paper before commencing work, 

2. Never draw a single line that is not absolutely necessary. Always 
work with a sharp point to your pencil. Do nob cub it at the lettered 
end. Pencil work should be done as lightly as possible. If the lines are 
heavy they are difficult to rub out and soil tho rulers. 

3. If lines are drawn wrong, mark them lightly with one or two 
dashes ; but as a rule omit all corrections of pencil work with rubber till 
the plan is inked in, and then at one operation rub out all the pencil 
lines. Every use of the rubber raises the paper surface into a roughness 
in which dust catches, and gets ingrained. 
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4'. No attempt should be made to produce a finished pencil drawing, 
the outline only should be drawn in pencil, and no shading or shadow 
lines, as the lead rubs ofi and dirties the paper. 

5. When about to draw a right line between two points, place the 
ruler as nearly as possible in the same position with reference to both, 
and then see whether the line will pass exactly through Loth points, 
before drawing it on the paper with either pen or pencil. Also in 
drawing an arc through several points, try it with plain dividers, to see 
if the centre is exact before drawing the line. 

6. All lines should be drawn sufficiently long at first, to avoid the 
necessity for subsequently producing them , a long line should never be 
obtained by producing a short one, unless some distant point in the 
prolongation has been first found by other means. 

7. Whenever it is practicable, lines should bo drawn from a gi ven 
point and not to it ; and if there are several points, in one of which 
two or more lines meet, the lines should be drawn from that one to the 
other ; thus radii of a circle should be drawn from the centre to points 
in the circumference. 

8. The larger the scale on which any problem, or part of one, is 
constructed, the loss liable is the result to error. Ilenco all angles should 
be set off, and points determined by means of the largest circles w^hich 
circumstances will allow to be described. 

9. In determining a point by the iiibersoction of circular arcs or 
straight lines, the radii should meet at that point at ^n angle of not 
more than 30°. 

10 When one arc or straight line imersocts another, as above, the 
second arc or line need not be drawn, but the point of mterseclion only 
should be marked so as to avoid unnecessary lines. 

11. Avoid setting off equal lengths on a given straight line by 
continual repetition of one such length, hut mark off on the line a con- 
venient multiple of the given length, and suh-divile it, i.o., work from the 
whole to parts, not from parts to the whole ; this is a great principle in 
surveying as well as plan drawing, and is especially to be observed in 
the construction of scales. 

12. In laying off a length along a line with a scale, it is always 
well to check, either by reading off tho distance along another part of 
the same scale, or by applying the scale so that it shall read backwards. 
This is a simple check, and a very useful one, as in plotting a survey it 
may often prevent considerable unnecessary labour. 
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18. Every drawing should have one or more long lines put in first 
across the paper, and at right angles to these, all now lines should be 
laid off from these guide lines, not from short lines of some part of the 
plan. The right angle guide lines should be laid with the compasses in 
the ordinary geometric way, not with the protractor. If a -p square and 
large set square is used, this should be m^ro accurate than any other 
way if carefully managed. 

Instructions for the prep>vration of finished Architectural 
AND Topographical Drawings, 

Drawing paper. —The drawing paper should be carefully examined to 
see which is the right sile and that no mouldy spots exist. If any such 
spots are dete-itod, the papier should ho rejected, as it is impossible to 
paint over the discoloured spots. 

Scales.— Before commencing any drawing, the scale on which it is to 
be made should be carefully constructed at the foot of the paper. All 
measurements should be taken from this scale, .No di 3 crepan 3 y will 
then exist, whoa the paper is removed from the board, between the 
measurements on the drawing and the orre^jp mding ones on the scale. 
Such discrepancy is often very considerable when separate pieces of 
paper are employed for the sjale and drawing: drawing piper is very 
sensitive to atmospheric conditions, an I often shrinks considerably after 
removal from the board. 

The Draaiingx^HiiQ drawing should now be put in with fine pencil 
lines, which, when complete, may he inked in with a fine drawing pen 
and the best Indian ink. No thick ink linos are on any account to be 
drawn till all the colours have been laid on. Care should be taken not 
to overshoot the corners where two lines intersect, and the line i should 
be kept as fine as possible. 

Circles and arcs of circles should be inked in before straight lines. 
In drawing circles, care must be taken not to allow the point of the 
compass to penetrate the paper; the holes thus formed arc liable to become 
filled up with colour and cause an unsightly blemish. The fine outlines 
of the drawing having b^en inked in., the paper should be thoroughly 
cleaned with dry clean bread and India-rubber, but the latter should be 
used as sparingly as possible. 

plat washes. — In laying on a flat wash the drawing board is always 
to be inclined so as to let the colour float downwards, the brush being 
only needed to give direction. If the paper is horizontal, the wash, 
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from remaining stagnant on one spot, deposits some of the solid colouring 
matter on the paper as a kind of precipitate, thus giving rise to unsightly 
blotches and cut shades. 

It is quite unnecessary to wet the paper before laying on a flat wash 
if the following directions are observed 

Sufficient colour should be mixed to last for the whole of the wash 
required ; any sediment should then be allowed to settle, and the clear 
solution poured off into another saucer. A wash should never be com- 
menced without having a piece of blotting paper handy. A large brush 
should be used, and the colour kept running across the paper, working it 
gradually down the slope, and no portion of the “ working” edge of the 
colour be allowed to dry up even for a second till the whole wash is 
completed. Red lines should not be washed over, or the colour will 
run. When a flat wash is uneven, or contains a out shade (probably 
from allowing that portion to dry), or it is required to take out lines, or 
washes of colour, which are mistakes in the drawing, use a small soft 
sponge dipped in water, but not too full, apply the sponge boldly but 
lightly, and have a piece of blotting paper at hand with which to blot off 
the moisture. Where the colour to be erased is near other colours which 
the sponge might also touch, an aperture should be cub in a piece of 
paper, of the exact dimensions of the extent to be washed, the paper is 
then held firmly down upon the drawing, so that only required portion 
of it is visible, and the sponge can then be applied without risk of soiling 
the adjacent parts of the drawing. Tho sponge shouiyi never be used, 
either for, or near to, thick ink lines ; the ink is sure to run. Ink lines 
on clnt h can be taken out by means of moist brush and some 

blotting paper. The spot operated upon will, however, lose its glaze, 
and any ink line drawn over it afterwards will be liable to run. 

When, as is often the case, a blot or small blemish in a flat wash of 
colour has to be erased and fresh colour to be afterwards applied, it is 
important to keep tho texture of the paper as intact as possible ; the 
India-rubber should, therefore, bo passed very lightly over the previously 
slightly moistened spot, and this operation should be repeated till a per- 
fectly clean surface is obtained. Tho colour is then to be stippled in by 
separate strokes ; not washed in ; as in this latter case, tho rough surface 
of the paper produced by rubbing would take the colour unevenly, aud 
cause an unsightly blotch. 

Choice of -The main point to bear in mind is to preserve 

harmony in the drawing. Bright colours go with strong lines and bold 

6 
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prior, iag, while light shades, fine lines ani nnobstrusive printing go 
together. 

Thick lines and These will not be often used, but are 

useful in certain cases in showing up a drawing. Their position is 
determined by the supposition that the light enters from the top left 
hand corner of the paper. 

Thup. in the blo^k plan of a building the dark lines will be on the right 
hand and lower faces. 

This convention only applies to buildings in outline on plan ; if the 
drawing involves cast shadows the rules detailed in Chapter XV, Part 
II, must be followed. 

Lettering and printing, — The size and thickness of lettering and 
printing should be in harmony with the size and boldness of the drawing. 
All diineusions should be given ;thcy cannot be too f ull or too numerous ; 
without them the drawing is almost useless, as even with a scale attached, 
great labour will be require 1 to make use of the drawing hy its means 
only. The scale should, however, be cousidcred by the draftsman as non- 
existent except, for the measurement of a few exeoptional points. Every 
single dimension which an Engineer is likely to require to know should be 
written on the plate in large legible figures. The draftsman is not to con- 
sider either^ that it is sufficient to give a dimension once^ upon the 'plan 
for instance^ and to omit it in consequence in the corresponding section: 
an individual, for whose inspection an architectural drawing is constructed, 
should never havo^to refer for information regarding a dimension either 
to a scale, or to another portion of the plate. Dimensions should be 
(Utached thus 



#he extent to which they refer being indicated by a dotted line terminated 
at each end by an arrow he id. In printing, the letters are to be large 
and legible. With regard to the di'^ection of all printing upon a drawing 
the following rules should always be observed : — The drawing being laid 
before the spedAtor in the position in which it is intended to be read, the 
edge nearest to him may bo termed the lower edge, that to his right hand, 
the right edge : all printing must be when possible parallel to, and read- 
able from, the lower edge ; when this is impossible, the printing must be 
parallel to, and readable from, the right edge. 
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Drawings required.— The drawings usually required for the correct 
representations of a building are Plans, Sections and Elevations. (For 
Definitions, see Chapter V.) 

The plan is most usually a horizontal section of the building close 
above the ground floor; the floor, staircases, stops, etc , alone are shown 
in actual plan. By this moans we obtain the positions and dimensions of 
the walls and rooms of the house. The roof is generally shown as a 
separate drawing, containing full details of all its parts. 

If there is more than one floor to the building, a plan, or as we have 
just explained, a horizontal section, must bo furnished at each different 
level. 

The method of representing doors, windows and arches in a plan is 
shown in the aG3o:n])auying skjtchos — the shaded portion represents 

Door, Window. Arch, 








Fire-places are of course drawn according to their partnuilar outlines in 
plan. 

In a plan it is only necessary to colour the section of the walls. The. 
floor, steps, etc., are drawn in outline only. 

The number of anctioiw- will depend upon the regiiljauty of the build- 
ing ; generally it will be found tint two-half sections are sufficient for 
most symmetrically constructed houses. 

These two half-sections are generally placed side by side, divided by a 
single line. The linos on which they are construct -'d must bo drawn 
very distinctly upon the plan, and lettered with Block (Capital Letters. 
The section is then indicated as ‘'section or “ half-section on AB, CD, 
etc., as the case may be. 

Besides these sections, a partial elevation is sometimes constiucted on 
the same line, ie , on the plane of sectionT^n (question, the result is then 
termed “ A Sccth^l Elevation on AB, CD, etc. In some cases the 
elevation of importan?" "^rts of a building cannot really bo seen, from 
the intervention of earth or other detail of structure, between it and the 
plane of projection. In this case the section is to be coloured and com- 
pleted as under ordinary circumstances, the outlines of the hidden eleva- 
tion being drawn in with dotted lines only. 
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Detailed ‘ sections on larger scales are at times required for some of 
the details of construction, such as cornices, joints of rafters, etc., etc. 
Longitudinal sections are necessary for giving information otherwise 
unobtainable from the rest of the drawings, 

Eleyaiiofta-generally represent the whole of one side of the building ; 
every side which may differ from the others must have its own particular 
elevation. The sides may either be lettered in plan, and the elevation 
referred to its proper side by means of these letters, or the plan may be 
lettered North and South, in which case the elevations would be termed 
those of the North, South, East or West faces, respectively. 

In constructing these drawings, the plan should first be drawn, then 
the sections, and finally the elevations. Sections of the various walls 
must of course be supplied before the plan can 1 e constructed. 

Oonventional signs. -^It is obvious that some convention or method 
is desirable to obtain a uniform representation of each material or object 
by a colour or sign. The conventional colours and signs given below 
include those laid down in the Public Works department Code, Vol. 
I, Chapter VII, and the topographical signs used by the Survey of India, 
Only the most important conventions are given, but there are many 
others which are used in special branches, such as Irrigation and Military 
Surveys, and the details of which can be obtained from the various 
Conventional charts. If any special signs or abbreviations are used, a 
table showing their meaning should be attached to the plan. 


List of general Colour Conventions in use. 


Maps, 


Hills 
Sandhills 
Natural drainage 
Tanks or jhi Is ... 

Natural ravines and dry nalas 
Rivers and streams 

( Brick houses... 
Village sites < 

( Mud houses . . . 

Roads, metalled... 

Roads, unmetalled 

Railways 

OapAls 


Brown. 

Brown. 

Cobalt, if perennial, otherwise black. 
Cobalt, if perennial, otherwise black. 
Black. 

Cobalt, if perennial, otherwise black. 
Vermilion. 

Vermilion. 

Vermilion. 

Vermilion. 

Black. 

Cobalt, 



PLATE V. 


^tti|D^g of Jndia 

Conventional Signs to be used on Topographical Maps. 




Photo. ZSnca, Jime, ig*!.— No. 2270-4 .-toc 
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For Plans ot’ Works. 


Earthwork, natural 

Do artificial 

Earthwork, natural 
Do. artificial 

Concrete 


Brickwork, pucca, in mortar 

Brick woi k, pucca, in mud . . . 

Stonework 

Rubble stone, boulder, or 
kunkar masonry in mortar. 

Rubble stone, boulder, or 
kunkar masonry without 
mortar. 

Brickwork, kucha, in mud ... 

Oast -iron 


In section. 

A light wash of Burnt Sienna with the 
edges shaded with adaikcr tint of the 
same. 

A light wash of Burnt Sienna with Indian 
ink etching ^howii for the made earth. 
In Plan. 

Indian ink shading on slopes. 

Green shading on slopes. 

A light wadi of Burnt Umber with tine 
dots of the same colour in section. The 
covered edges to be shown by thin 
broken black lines in Plan. It the (on- 
crete used for the floor of a room is 
plastered over, u&o tlui coiiveiUioiial 
colour for the plaster u^od. 

Lake flat wash in section. Por arcliwoik 
vertical haohuresof Lake may bo added. 
Black outline plain in elevation. 

A light wash of Light Red in section, 
Black outline plain in elevation. 

A light wash of Burnt Umber with 
alternate firm and# broken haohures 
of the same colour in section. A light 
wash of Burnt Umber in elevation. 

A light wash of Lake with broken hachures 
of dark Lake III sec.tion. Black outline 
with black broken hatching in ele- 
vation. 

A light ivash of Burnt Umber hatched 
with Indian ink in seciion. Black 
outline dotted with Indian ink in 
elevation, 

Indian ink light wash in section. Black 
outline plain in elevation, 

( Section— dark Indigo. 

( Elevation — light Indigo. 
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Wrought-irou 
Wooilwork, Fir wood 

Woodwork, hard wood 

Doors and windows 

Steel 

Brass 

Copper 

Lead 

Slate 

Tile 


f Section- dark Prusbian Blue. 

( Elevation— light Prussian Blue. 

... A dark wash of Yellow Ochre v/ith Burnt 
Sienna graining in section. A light 
wash ot Yellow Ochre with Burnt 
Sienna graining in elevation, 

... A wash of Burnt Sienna with Burnt 
Umber graining in section A light 
wash of Burnt Umber in elevation. 

... In section — woodwork, same as speci- 
fied for wood Glass work, Cobalt. 
In elevation — woodwork, same as speci- 
fied. Glass work, a triangular shaped 
flat wash of Cobalt in the upper left 
hand corner -of each pane of glass. 

... Purple (Crimson Lake and Cobalt) with 
^ hachurcs of the same in section. A 
light wash of Purple in elevation. 

... Chrome Yellow mixed with a little Lake 
with ha^ures of the same in section. 
A light wash ot the same colour in 
elevation. 

... Burnt Carmine mixed with a little 
Chrome Yellow with hachures of the 
same in section. A light wash of the 
same colour in elevation. 

Indigo and a little Sepia mixed with 
hachures of the same in section. A 
light wash of the same colour in ele- 
vation. 

... Neutral Tint with hachures of the same 
in section. A light wash of Neutral 
Tint in elevation. 

.. Lake in section. Lake and Burnt Sienna 
mixed (light wash), shaded, if neces- 
sary, to represent a slope, with Neu- 
tral Tint in elevation. 
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Corrugated iron 

A light wash of Payne’s Grey with 
hachures of the same in Section. A 
light wash of Payne’s Grey in Ele- 
vation. 

Thatch 

Burnt Uinher with haohures of the same 
in Section. A light wash of Burnt 
Umber in Elevation. 

PiUJItiiJg- I>rickwor k 

A light wash of Light Red and a little 
Lake mixed together in Elevation. 

Lime plaster, ordinary 

A wash of Light Red in Elevation. 

Do. slate-col onrcd .. 

A wash of Neutral Tint in Elevation. 

Do. sand 

A v\ash of Payne’s Grey in Elevation. 

Do. snrkhi-eoloured 

A wash of Light Rod over a light one of 
Neutral Tint in Elevation. 

Gemrnt-pl aster ... 

A light wash of Payne’s Grey in Ele- 
vation. 

Whitewash 

A light wash of Neutial Tint in Eleva- 
t ion* 

Colour-wash 

A tint of the same colour as the colour 
wash in Elevatu>n. 


Plate V show.s the conventional signs used in the Survey of India. 
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CONSTRUCTION OF SCALES. 

Representative F'r actions — Plain Scales— Comparative Scales 
— Diagonal Scales— Vernier Scales— Examples. 

When anything whieh has to be ro presented on paper is so largo that 
it would be inconvenient to make a lull-sized drawing of it, the drawing, 
or map, is made to another scale, that is, each line in the plan, using this 
word as a gener.il term, is mile with a fixed and known proportion to 
the line it represents. 

Suppose, for example, that in a drawing of a house a line one inch long 
represents in plan a wall 100 feet long. Then, if the drawing is drawn 
to scale,” every other detail of the house will be represented by lines 
drawn in the same proportion. This proportion is called the scale of the 
drawing, and in this ease I he drawing is said to be drawn to a scale of 
100 feet to an inch Furtlu'i’, it is evident that the actual length of 
each piece of the building is 1,200 times the length of the line which 
represents it in the drawing; or every line in the drawing is jj^th 
part of the corresponding line in the object. 

This fraction which represents tlio proportion of the dr.iwing to the 
object is called the Representative Fraction*^ and this fraction should 
be entered in a conspicuous place on every plan. 

The student must clearly understand what is meant by the representa- 
tive fraction, to find which he must reduce the number of units represent- 
ed by 1 inch iu plan to inches. 

This will be the denominator of the fraction. The numerator will 
invariably be 1. 

For example — 

Find the representative fraction of a scale of 1 furlong to an inch. 

The denominator is then 12 X 3 X 220 = 7,920 and the representa- 
tive fraction is 

7020 

In addition to the representative fraction, some means must be given 
by which any distance on the plan may be measured off, and the real 
length of the object it represents may be ascertained. This is done by 
means of a graduated straight line called the SCALE 
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Scales may bo divided into— 

(1) Plain Seales. 

(2) Comparative Scales. 

(3) Diagonal Scales. 

(4) Vernier Scales. 

Before proceeding to consider the couHLruction (d scales it will 1)0 
necessary to show how a given line can be divided into any desired 
number of parts, as this construction is fre<iuoiJtly incpiired in tlie con- 
struction of scales. 

To divide a given lino AB into five equal parts (Plate VI, Fig. 1 ) 

From the pjint A in the given line AB, draw a line AO making any 
convenient angle with the lino AB. This angle should not bo too acute. 
Along AG mark off five equal divisions 1, 2, 3, 4, 5. Join 5B, 
Through 1, 2, 3, 4 draw lirie^j parallel to fiB, cutting AB in I\, Pj, Pj 
P4. These points will divide the line AB into five equal parts. Car, 
should bo taken to ariMiigo the length of the divisions taken along AC 
in such a manner that the line 5B may he nearly at light angles to AB. 
If the angle at which the lino 5B meets AB i-, too aeut(^ it w ill be difficult 
tiO fix the points of intersection Pj, Pg, P4 e\c‘ictly. 

Plain Scales 

In all scales it is evident that if they iulfil the fiindions explained 
above the unit of lengl.h of the scale must hoar the proportion shown by 
the reprosentati VC fraction to a real unit, and any length 011 the scale the 
same to the real length. 

Wc will now give a few (‘xamph'S enihodying tin' chief points to be 
kept ill mind in the construction of scah-^. 

Example 1. —To construct a scale of 100 feet to an inch to read to 10 feet. 
(Plate VI, Fig. 2.) 

Scales are usually made about G inches long. For this case 6 inches 
will be found convenient as it represents GOO feet. 

Draw a line 6 inches long and divide it into .six equal parts. 

The left hand division i.s always used to show the smallest unit requir- 
ed; in this ca&e 10 feet. 13ivide this division into 10 ciiual parts. These 

4 

will each represent 10 feet. Ink in two lines for the scale of an 

inch apart, the bottom one Icing darker than the top 0110. Draw perpen- 
dicular lines of an inch high to sliow the ])riiuary divisions, and --tlis 
of an inch high to show the secondary sub-divi.sions. Tbj9_i;ig]]t hand 
point of the left hand division is invariafJy marked 0; the secondary 
sub-divisions starting from that point are marked from right to left, and 

7 
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the primary divisions from left to right. Print in the title of the scale 
and the representative fraction, and the unit (feet) which the primary 
and secondary divisions represent. On the right hand side of Fig. 2 are 
shown convenient distances at which the various lines for construction 
and printing may be drawn. 

Example 2.— The representative fraction of a plan is 2^, construct a scale to 

bU 

read to feet (Plate VI, Fig 3.) 

Here 60 inches, or 5 feet, represents one inch, and 6 inches on the 
scale will represent 30 feet. Lay down 6 inches and divide it into 
three parts, and the left hand sub-division into 10 parts. Finish as in 
Example 1. 

Example 3.— To construct a scale of 13 yards to an inch, to read to yards. 
(Plate VI, Fig. 4.) 

Here do not follow the too common error of laying down inches, and 
dividing the left hand inch into 13, and numbering the others 13, 26, 
39, etc., so that nothing can be convoniontly measured on it, but proceed 
thus. Here 13 yards equal 1 inch, therefore 6 inches represent 78 yards. 
The nearest next numbered scale to this will be 70 yards, i.e., 10 units 
to left, and 60 to right, ol zero. So, as 78: 70 : : 6 : 5*39. Lay down 
5*39 inches and divide into 7 parts, and the left hand part into 10. 

llepreseatalivo fraction 

For the method of laying oil a dLstau:c ofS JlO inches, scs Diagonal 
Scales, Example 13. 

Example 4. To construct a scale of 2 miles to the iuch, showing miles and 
fhrlongs (Plate VI, Fig. 5.) 

Here 6 inches=12 miles, but 1 mile to left and 11 miles to right 
would not look well. So as 12 :11: : 6:5*5 inches. Laydown 5*5 inches 
and divide into 1 1 spaces, and divide the loft hand space into 8 for 

furlongs. Representative fraction , 

o ^ 12X5280 X 12 126120 

Example 5 —To draw a scale of 6 inches tr a mile to read to yards. 
(No figures are given for Examples 5, 6, 7 and 8 ) 

It will be most convenient to draw primary divisions to show 1,500 
yards and secondary sub-divisions to show 100 yards. Six inches repre- 
sent 1,760 yards. So, 1,760 : 1,600 : : 6 : 5*45. 

Lay down 5 45 inches and divide as usual. Representative fraction 

6 _i 

1760 X 3 X 12 = 10560 • 




Scale—lOO Fe,e± to 1 IncK (y^Vd). 


15 V mtha Pig. 2. 


Feet too 5 U 0 


ftOO Feet ~ lz 
=±41 


Tarde 10 5 o 


Scale— 5 Feet to 1 Inch (A)- 


Scale— 13 FarcLs to 1 Inch 


Scales 2£iles to 1 Inch [ r Tfrr?i>)- 


FurUmge 8 4 0 


9 10 Miles. 

. , 1 


Seeondt <0 SO 0 


Scale fov Horse trotting 240 Yards a mtnate (rolfB) 


Comparatifre Scale of Feet (nrl.i)- 


Fig. 3. 


Fig. 4. 


Fig. 5. 


Fig. 6. 

7 8 Minutes 


Fig. 7. 


Comparative Scale of Julies ( n)gi l »B ). 


Milet 10 6 0 10 10 80 40 50 00 70 80 


M&rch, 1911 .— No.2 270 -5-100. 
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Example 6.- To construct a scale of 8 inches to the mile, in paces of 30 inches- 

Here 8 iaches=5, 280 feet, or 2,112 paces. Then say 1,600 
paces is the length chosen. As 2112 : 1600 : : 8 : a3, etc. 

Example 7.— To construct a scale of showing chains of 100 feet- 

Here 1 foot=:20,000 fovJt, and 6 iu<ihes=: 10,000 feet, or 100 c hains . 
Then 110 chains will be the length of the scale. So, as 100 : 110 
6 : etc. 

Example 8.— The representative fractions of two plans of a Russian fort are 
8^ and construct a scale of French toises for the former, and one of Russian 
archines for the other- The tqise=2*13142 yards, the archine=*7777 yards. 

In the first, 1 toise or 2*13 yards represents 800 toises. Reduced to 
inches, 76*68 inches on plan equals 800 toises, or 7*67 inches=:80 toisos. 
Thus 60 will bo nearest suitable length for scale, and 80; 60:: 7*67: 
etc., etc. The other is just similar. 

Example 9.- In a rapid reconnaissance, when time will not admit of distances 
being measured by a chain or perambulator, they can be roughly measured by 
time. If the rate of a horse is known, when trotting or at a gallop, etc., a scale 
can be made by which distances are at once taken off from simple observations 
on the time which has elapsed. (Plate VI, Fig. 6.) 

Suppose a scale of 6 inches to a milo is reejuired, adapted to 

the pace of a horse which trots at the rate of 240 yards a minute. 

Then in 9 minutes a horse will trot 2,160 yards. Make a scale of 6 
inches to a mile to show 2,160 yards. The length of this lino will be 
10,560:2160 X 36 : : 1 : 7*36. 

Lay off a lino 7*36 inches long and divide it into 9 equal parts. Each 
part will represent the distance over which the horse travels in a minute, 
or 240 yards. Sub-divide the left hand division into 6, which will then 
read to 10 seconds. 

Comparative Scales. 

When the given scale of a plan reafls in a certain measure, and it he 
desired to construct a scale for tho plan reading in some other measure, 
this new scale is calldd a Comparative Scale. 

Thus if the scale of the plan of a French building reads in decimetres, 
and it is desired to take measurements off the plan in feet, a Comparative 
scale must be constructed. The main point to boar in mind is that the 
representative fractions of the two scales must be the same. 
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Example 10.~The scale of an Indian plan is drawn in Haths. It is found 
by measuring the scale that one inch represents 675 Haths. It is required to 
draw a comparative scale of feet. 

(1 HathrslS inches.) (Plate VI, Fig. 7.) 

The representative fraction is 

Take a length of scale to show 60 feet, then 
121-5 : 720 :: 1 : 6*92 

Lay down a line 5*92 inches long and divide it into 6 parts, and the 
left hand division into 10 parts. These now represent feet. 

Example 11. -The scale of a map of Prance is in French leagues (1 French 
league =4262*84 English yards.) It is found by measuring the scale that 3*75 
inches represent 25 leagues. Construct the corresponding scale of English miles- 
(Plate V, Fig. 8.) 


Here 25 leagues: 


i2G2 84 


17G0 


- X 25=60*5 miles. 


Consequently, 60*5 miles are repre.sented by 3*75 inches, so the scale 
may show 110 without being very long. So, 60*5 *. 110 : : 375 : 6*81. 

Divide then a lino 6*81 inches long into 11 equal parts, to show* 
spaces of 10 miles ; sub-divide the first primary division into 10 equal 
parts to show miles. 

Example 12.— A map is drawn to a scale of 2 miles to an inch ^ 

Construct a comparative scale of Russian versts. (No figure is given ) 

1 Russian ver3t=1166 6 English yards. 

As the two scales must have the same representative fraction, this 
question is at once reduced to that of making a scale of to show 

versts. But it can also be found directly as follows : — 

As one inch represents 2 English miles, and 2 English 

1760^2 

Russian versts, therefore one inch will represent = 3*02 versts. 

The scale will be best 21 versts long. 

versts : 21 versts : : 1 inch : x inches, 

1166*6 

•.«=!MS5p=6Winch.,. 

Set off a line 6*96 inches long,* and divide it into 21 parts, each part 
will represent a verst. Divide the left hand space into quarters. 

In Plate VII,, Fig. 1, is shown another sort of Conqparative scale which 
is sometimes useful in enlarging or reducing a plan. 

If the same distance on two plans on different scales be represented by 
AB and AO, then all lines parallel to BC will cut off lengths from A in 
ihe proportion of AB : AC. Therefore, taking any measurement on one 
plan with the compass and applying it from A along its line, say AB, the 
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length of the same measurement on the other plan will be found by 
moving the right leg of the compass down the cross line AO to C. 

Diagonal Scales. 

It will be seen from the preceding examples that some method of 
representing a decimal notation is often required. Further, on a plain 
scale it is only possible to read in two dimensions, such as yards and feet, 
inches and tenths of an inch, etc. It may be desired to read in three 
dimensions, such as yards, feet and inches, tenths of inches and hundreths 
of inches. For this purpose a diagonal scale is used. 

Example 13.~To draw a diagonal scale of inches, to read to one hundreth 
of an incht (Plate VII., Fig. 2.) 

Draw a line 6 inches long and divide it into six parts. Divide the 
left hand sub-division into 10 parts, and at the extreme loft raise a per- 
pendicular. On this perpendicular lay off 10 equidistant points, and 
through them draw 10 lines parallel to the scale line. Divide the top 
line in the left hand sub-division into 10 parts. Draw lines straight up 
through the divisions right of zero, but to the left of zero draw diagonal 
lines to the divisions to the loft on the top line, and number as shown in 
the Figure. 

Then it is evident that each division we move along the bottom line 
1 2 

from 0 to 10 we get etc., further from zero, but if we move 

along one of the diagonal lines, say from zero to the first division to the 
left on the top line, then every time a fresh line is crossed wc have 

moved j;-jQth of an inch further from zero. ^ 

The cross marks on the figure show 3*69 and 5*32 inches respec- 
tively reading from the top. 

The main point to remember in drawing a diagonal scale is that the 
left hand sub-division must be divided into the number of units of the 
second dimension required, and the number of parallel lines drawn above 
the scale line must be the same as the number of units there are of the 
third dimension in a unit of the second dimension. 

For example, if it was required to draw a diagonal scale of yards, 
feet and inches, the primary divisions would be yards, the left hand 
division would be divided into 3 for feet, and the number of parallel 
lines required would be 12, 

Latitude and Longitude , — Diagonal scales are invariably used for 
plottin g data on Geographical maps, and since Geographical maps are 
divided up into g raticule s of some integral part of degrees, a scale 
of degrees, minutes and seconds will be required. For example, a 
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standard map of India drawn to a scale of 1 inch to a mile is 15 minutes 
in latitude and 15 minutes in longitude. * Here the scales suitable for 
plotting will be of 5 minutes each. To make these scales, take off one* 
third of the length in latitude, and in longitude, divide it into five equal 
parts, and sub-divide the left hand part into six parts of 10 seconds each. 
To be able to read to one second, draw ten horizontal lines, and complete 
the diagonal part. It must be remembered that the length of one degree 
of latitude and longitude varies and decreases from the equator north- 
wards and southwards. Scale for each 5 minutes in length will be 
found sufficient. 

Vernier Scales. 

Vernier scales are sometimes used instead of diagonal scales. The 
principle on which they are constructed is as follows : — 

If we have any length of scale representing n units of measurements 
and divide it into n equal parts, each part will represent one unit. If 
now we take a line equal to (ti+l) of these units, an<l divide it also into 

n parts, each minor division will bo equal to ’^uiiit®, and the difference 
between one minor division of the last and one minor division of the 
first will be^^— of the original unit. And, similarly, the 
difference between two divisions of the one and two of the other will 
ho — of a unit — between 3 of one and 3 of the other - , and so on. 

n n 

Example 14. To construct a scale of to show feet and tenths. (Plate 
VII , Fig. 3.) 

Let the scale be drawn in the ordinary way, but sub-divide, d through- 
out its entire length ; each sub-division shows one foot ; set off to the left, 
on the upper line, a distance equal to 11 sub-divisions commencing from 
the zero of the scale ; divide this into 10 equal parts as in the figure. 
Since 11 sub-divisions of the plain scale have been divided into 10 equal 
parts on the wernier scale, each division on the vernier will represent 

=1*1 of the sub-divisions on the plain scale, and as these show feet, 

each division on the vernier will show !•! foot; consequently the several 
distances from the zero of the scales to the successive divisions on the 
vernier will show 1*1, 2*2, 3*3, 4*4, 5*5, 6*6, 7*7, 8*8, 9*9, and 11 feet. 
The scale is used thus— 

Let it be required to take off 26 * 7 feet. 

Now the seventh division on the vernier will give us a reading of 7*7 
on the scale. 
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Subtract 7*7 from 26 *7, the remainder is 19 ; place one point of the 
compass on the 19th sub-division ou the upper line of the plain seal , 
and the other on the 7th division of the vernier ; this distin^.e represents 
26*7 feet. 

Vernier scales, when applied to instruments, are constructed so that 
the vernier can be made to slide on the main scale. In this case it is 
more convenient if the vernier and scale real the same way, and for 
this purpose it is necessar}' to take the n — 1 units to divide w. The 
diflferenco is just the same ; it is 1 — iof a unit. 

Example 15 — It is required to measure the rise and fall of the mercury in 
a barometer to the 100th of an inch. (Plate VII, Fig. 4.) 

The main scale is divided into inches and tenths of inches. For the 
vernier take 9 sub-divisions and divide this distance into 10 parts. 

When the top of the mercury falls between any two of the divisions 
on the main scale, it is only necessary to sli le the zero of the vernier to 
fit with the top of the column, and real the number of the division that 
coincides with one of the plain scale. Here the reading is 2S*97 inches. 
The difference between the top of the mercury or zero of vernier, and 
28*9, is that between 7 divisions on the fixed and 7 on the vernier scale, 

or If the student will just mark off the divisions of the vernier on 

a separate slip of paper, and slide this about to fit any different height of 
mercury, the process will be immediately clear. 

Example 16 - Construct a movable vernier to read minutes to a surveying 
instrument of which the arc is graduated to degrees and half degrees. (Plate 
VII, Fig 5.) • 

Here the smallest division on the graduated arc is 30 minutes. 
Take a length of 29 minutes, and divide it into 30 for the vernier. In 
reading read to nearest half degree, and add the niimi er of minutes 
shown by the vernier. In this case it is 2” 30' + 11', or 2" 41'. 

Examples. 

1. Construct a scale of to read to 20 feet. 

2. Construct a scale of 8*5 feet to an inch to read to single feet. 

3. Construct a scale of metre s--q (metre =1*0936 yaid.s). 

4. Finding that the distance between two points on a Swedish map 
is 7 inches, and the real distance on the ground 5,000 alncrs. Construct 
a scale of feet (1 alner =*6493 yard). 

5. Construct a scale 22 yards loan inch, on which single yards can 
be measured. 

0. Construct a scale of 6 inches to a mile, showing chains (100 
feet). 
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7. The distance between Roorkce and Saharanpur is 23 miles, and 
measures on a map J3-57 inches. Draw the scale of the map showing 
miles and furlongs, and mark off 7 miles 3 furlongs on it. 

8. Construct a scale of 33^^ to show versts (1 verst=l, 166*68 
yards). 

9. On a plan 3*21 inches represent 47 feet. Construct a scale. 

10. The plan of a building is a square of 3J inches side, the length 
of the diagonal represents 100 feet. Construct a scale to read to inches, 
and mark off 63 feet 8 inches on ifc. 

11. Draw a scale of miles and furlongs, in which 1} furlongs equal 
J of an inch. 

12. Construct a diagonal scale of 9 inches to a mile to read to 
furlongs. 

13. Construct a scale of 5 miles to an inch and a comparctivo scale 
of Russian versts (1 verst =1,166*68 yards). 

14. Draw a diagonal scale to read to the thousandth of a toot. 

15. A Prussian fathom contains 6 Rhenish feet, each equal to 
1*0297 Eoglish feet. Construct a scale of fathoms showing feet dia- 
gonally. 

16. An Englishman, wishing to examine a Spanish plan, finds only a 
scale of Spanish palms, 20 to an inch ; supply him with a corresponding 
scale of English feet, taking the palm as *634 of an English foot. Show 
50 feet. 

17. Draw scales ofj^j^to repiescnt English feet, French metres, and 
Greek cubits, 1 metre = 3*27 feef, 1 cubit = *45 metre. 

18. Construct a scale of 6 inches to a mile, to measure furlongs and 
diagonally spaces of 60 feet. 

19. A map is 36 inches long and 30 inches broad ; it represents an 
area of 25 acres ; draw the scale of the map to show poles, yards, and 
(diagonally) feet (4,840 square yards = 1 acre). 

20. Required a scale of Russian a rchines . for a plan on which the 
breadth of a river, really 50sachine3, is representcl by 12 English 
inches, 3 archines= 1 sachine = 2*3332 English yards. 

21. Construct a scale of 8 inches to 1 mile to read to 20 paces, and , 
by a vernier to 5 paces. 1 pace = 30 inches. 

22. The distance between two points, 1 Austrian mile apart, is 
represented on a map by 2*66 English inches. Construct a diagonal 
sdale of English miles. 1 Austrian mile =3*3312 English miles. 
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23. Construct a scale of to take off intervals of time adapted to 
the trot cf a pony, which goes over 180 yards per minute at a fast trot. 
Show 10 minutes. 

24. A horse passes over about 280 yards per minute at a gallop. 
Construct a scale of 55 ^^ adapted to time. Show 10 minutes. 

25. On a plan 1,200 yards are represented by 15 inches. Draw a 
comparative scale of French metres (1 metre =1*0936 yards). 

26. The representative fraction of a scale on a Russian map is . 
Draw a comparative scale of French metres (1 metre = 39*37 inches). 

27. A distance on a French map which is known to be 3 miles 
measures 18 inches. Taking a pace to be 32 inches, construct a scale of 
paces for the map. 

28. Construct a vernier scale of to show feet and inches, and 
mark oflf 25 feet 7 inches on it. 

29. Construct a scale of ~ to show polos and yards, and by a ver- 
nier to read feet. 

30. Construct a diagonal scale of ^ to show metres, decimetres, and 
centimetres (1 metre = 3*28 feet). 

31. A scale of 4 inches to the mile is attached to a map. On this 
I find the distance between two points to be 1 mile 5 furlongs, I measure 
the same distance on the ground and find it to be 1 mile 3 furlongs. 
Knowing the survey to be correct, construct a correct scale to the map 
to read to miles and furlongs. 

32. Construct a scale of chords and by means o{ it set off from a 
line an angle of 75®, 

33 . One degree on a scale is represented by of an inch. Construct 
a scale showing degrees and quarter degrees, with a movable vernier to 
read minutes. On this scale mark off 4® 34'. 

34. You are given a survey of a portion of country drawn to a scale of 
16 inches to a mile. The paper it^is on measures 32 inches long by 
26 inches broad. Find the area of the country and the area of paper 
required to copy the survey to a scale of 12 inches to a mile. 

What are the representative fractions of the two scales ? 

35. A map is 40 inches long and 27 inches broad ; it represents an 
area of 60 r.quare miles. Draw the scale uf the map to show miles, fur- 
longs, and diagonally chains. 

36. A cavalry officer finds that his horse canters 16 miles an hour. 
Construct a diagonal scale of adapted to time, and mark off on it 
the distance he traverses in 7 minutes 42 seconds. 

8 
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87. Two posts of the handsail of a staircase have their axes vertical, 
and the top of the lower, and the base of tlie upper are in a horizontal 
line, 3 yards 1 foot 4 inches apart centre to centre. Draw a diagonal 
scale to read yards, feet^ and inches. If the line joining the centres 
of the tops slopes 1 in 2, show it graphically on your scale, and write 
down its length to the nearest inch. 

38. A standard map of India in a certain latitude measures 15 inches 
in longitude and 17*1 inches in latitude. Construct a scale of latitude 
and longitude for the map, and show 2 feet 37 inches both in latitude and 
longitude. Standard maps of India are 15 minutes in latitude and 
longitude. 

39. Construct a scale of 3 inches to a mile, and add a vernier to read 
in spaces of 60 feet. On this scale mark off a distance of 1 mile, 3 fur- 
longs, 420 feet. 

40. Illustrate by examples how you would enlarge or reduce a 
drawing, (o) when the figure is regular, (6) when the figure is irregular. 
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PLANE QEOMETEY, 

Plane Geometry deals with the representation of plane surfaces (having 
length and breadth only) on a plane surface, such as paper. 

Rules for Drawing. 

1. Given lines to bo thin continuous lines. 

2. Resulting lines to be thick continuous lines. 

3. All construction linos to be fine common dotted lines. 

Definitions. 

1. A 'point is that which has position but not magnitude. 

2. A line is that which has only length. Hence the extremities of a 
line are points, and the intersections of one line with another are also 
points. 

3. A straight lirhe is the shortest distance between its extreme 
points. 

4. Every lino which is neither straight nor composed of straight 
lines is a curve. 

5. which are in the same plane, and being produced 
ever so faf^WMD^s. do not meet, arc called parallel lines, 

6. A ploM^ect ilineal angle is the inclination of Jtwo straight lines 
to one another, which meet together, but are not in the same straight 
line. 

7. When a straight line, standing on another straight line, makes 
the adjacent angles equal to one another, eioh of these angles is called 
a right angle^ and the straight line which stands on the other is called 
a perpendicular to it. 

8. An obtuse angle is that which is greater than a right angle ; and 
an acute angle is that which is less than a right angle. 

9. The complement of an angle is that which it requires to complete 

a right angle. 

10. The supplement of an angle is that which it requires to complete 
two right angles. 

11. A plane figure is a plane terminated everywhere by lines. 
If the lines be straight it is called a rectilineal figure, or a pd^on, 
and the lines themselves constitute the peripieter of the polygon, 
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12. When a rectilineal figure has three sides, it is called a triangle i 
when it has four, it is called a quadrilateral ; when it has five, a pentagon; 
when six, a hexagon ; and so on. 

13. An equilateral triangle is that which has three equal sides ; an 

ieoaceles triangle is that which has only two equal sides ; and a s calene 
triangle is that which has all its sides unequal. ^ 

14. A right angled triangle is that which Las a right angle ; the sidt^ 

opposite to the right angle is called the hypotenuse* An ob tuse-angl ed 
triangle is that which has an obtuse angle ; and an acute-angled triangle 
is that which has three acute angles. ~~ i''' 

15. Of quadrilateral figures, a square is that which has all its sides 
equal and all its angles right angles. A rectangle is that which has all 
its angles right angles, but not all its sides equal. A rhombus is that 
which has all its sides equal, but its angles are not right angles. A 
parallelogram is that which has its opposite sides parallel. A trapezoid 
is that which has only two of its opposite sides parallel. All other 
four'-sided figures are called trapeziums* 

16. The vertex of an angle is the point where the two lines forming 
the angle meet. 

17. A diagonal is a straight line which joins the vertices of two 
angles which are not adjacent to each other. 

18. An equilateral polygon is that which has all 

an equiangular polygon is that which has all its|l|Milf!]fqital . If a 
polygon be both equilateral and equiangular, it is oBl®} a regular 
polygon, 

19. A circle is a plane figure contained by one curved line which is 
called the circumference^ and is such that all straight lines drawn from a 
certain point within the figure, called the centke, to the circumference 
arc equal to one another. 

20. A diameter of a circle is any straight line drawn through the 
centre and terminated both ways by the circumference. 

21. The radius of a circle is a straight line drawn from the centre 
to the circumference. 

22. A semicircle is half a circle, and a quadrant is a quarter of a 
circle. 

23. An arc of a circle is any portion of its circumference. 

24. A chord is a straight line which joins the extremities of an arc. 

25. A segment of a circle is the figure contained by an arc and its 
chord. 
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id. A sector of a circle is the portion of a circle contained by two 
radii and the arc between them. 

27. A tangent is a straight line which touches a circle in a point 
but which when produced does not cut it. 

Lines and Angles. 

Unless otherwise stated, “a line” means “ a straight line.” 

Problem I —To bisect a given line AB or regular curve AEB (Plate VIII, Fig. 1 ) 

With centres A and B and any convenient radius, describe arcs in- 
tersecting at C and D. Join CD, cuttinsr AB in F and AEB in E. Then 
the given straight line is bisected at F, and the given regular curve 
at E. 

Problem 2 •—Through a given point P to draw a line perpendicular to a given 
line AB. 

Case 1. When the point P is at or near the middle of the given line 
{Plate VIII, Fig. 2). Make PA equal to PB. With centres A and B 
and any convenient radius, draw arcs intersecting at C. 

Join 0 P. Then OP is perpendicular to AB, and passes through the 
point P. 

Case 2. When the point P is at or near the extremity of the given 
line {Plate VIII, Fig. 3). Take any convenient point C. With C as 
centre and CP as radius, describe a semicircle cutting AB in D. Join DC, 
and produce the line to cut the semicircle in E. Join EP. Then EP is 
the required perpendicular. 

Case 3, When the point P is not in the given liqe but opposite or 
nearly opposite the middle of the line {Plate VIII, Fig. 4). With P as 
centre and any convenient radius, describe an arc cutting AB in C and 

D. With centres C and D and any radius, describe arcs intersecting at 

E. Join EP. Then EP is the required perpendicular. 

Case 4. When the point P is not in the given line but opposite or 
nearly opposite an extremity {Plate VIII, Fig, 5). 

Draw any lino PC cutting AB in C. On CP as diameter describe 
a semicircle cutting AB in E. Join PE, Then PE is the required per- 
pendicular. 

Case 5. When the point P is beyond the extremity of the given line 
{Plate VII, Ftg, 6). 

With centres A and B and radii AP and BP, describe arcs intersect- 
ing at P and 0. Join PC. Then PC is the required perpendicular. 

Problem 3.— To draw a line parallel to a given line AB* (Plate VIII, Fig. 7.) 
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At any two points 0 and D in AB erect perpendiculars, and on tkese 
mark off equal distances OE and DF. Join EF. Then EF is the required 
line parallel to AB. 

Problem l—Through a given point? to draw a line parallel to a given line 
AB. (Plate VIII. Fig 8 ) 

With P as centre and any radius draw the arc DC cutting AB in 0. 
With C as centre and CP as radius, draw the arc PE cutting AB in E. 
Make CD equal to EP. Join DP. Then DP is the required line parallel 
to AB. 

Problem 5.— To bisect a given angle ABO. (Plate VIII. Fig 9 ) 

With centre B and any convenient radius, describe the are DE cutting ^ 
BA in D and BG in E. With centres D and E and any radius, draw arcs 
intersecting at F. Join BF. Then the line BF bisects the angle ABO. 

Problem 6.— To determine the direction of the line which would bisect the 
angle contained by two given lines AB and CD^ intersecting beyond the limits of 
the paper (Plate VIII, Fig- 10.) 

From any point E in AB draw a line EF parallel to CD. With E as 
centre and any convenient radius EF, describe the arc FQ cutting AB 
in Q. Join GIT, and produce it to cut CD in H. Draw MN bisecting 
GH at right angles ; this is the required line. 

Problem 7.— Through a given point P to draw a line which would, if produced, 
pass through the angular point in which two given lines AB and CD would meet 
if produced. (Plate VIII, Pig ,11) 

Draw any line EF cutting AB in E and CD in F. Join EP and FP. 
Draw GH parallel to EF and GK and HK pxrallel to BP and FP. Join 
PK. Then PK is Vlie require I line. 

Problem 8.- To trisect a right angle ABO (Plate VIII, Fig 12.) 

Draw any convenient arc AO, With A and C as centres and BA as 
radius, mark off points F anl E on the arc AO. Join BE and BF. 
Then the lines BE and BF trisect the right angle ABC. 

Problem 9.— To trisect any given angle ABO. (Plate VIII, Pig. 13 ) 

(Approximate method,) 

Draw any convenient arc DE. Bisect the angle ABC in BF. Join DE. 
On DE describe the semicircle DFE, and with centres D and E and 
radius equal to half DE, mark oft points G and H on the semicircle DFE. 
Make KL=DF. Join LG and LH, cutting the arc DE in M and N* 
Join BM and BN. Then the lines BM and BN trisect the angle ABC. 

Problem 10 —To find a point F and a given line AB eotuidistant from two 
given points 0 and D (Plate VIII, Fig. 14 ) 

Join CD and bisect it at right angh's by the line EP, cutting AB in P. 
Then P is the required point. 
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Problem 11.— From two given points C and D to draw two straight lines to 
make equal angles with a given line AB (Plate VIII, Fig. 15 ) 

Draw OEF perpendicular to AB, and make EF equal to EC, Join 
FD cutting AB in P. Join CP. Then CP and DP are the two required 
lines. 

Problem 12— Through a point P to draw a line making equal angles with 
two converging lines AB and CD. (Plate VIII, Fig. 16.) 

Through any point A in AB draw the line EF parallel to CD. Bisect 
the angle BAE by the line GA. Through P draw PH parallel to QA, 
Then PH is the required line. 

Problem 13.— Through a point P between two converging lines AB and CD to 
draw a line terminating in AB and CD and bisected in P (Plate VIII, Fig. 17.) 

Draw PF perpendicular to CD. Produce FP and make PE equal to 
PF. Draw EL parallel to CD cutting AB in L. From L draw LH, 
passing through P. Then LH is the required line and is bisected in P. 

Exercises— Lines and Angles. 

Compasses and rulers arc only lobe used unless the use oF set squares 
is specified. 

1. From one extremity of a lino 3 inches long draw a perpendicular 
2 inches long without producing the line. 

2. Divide a line 3 inches long into seven equal parts. 

3. A line 5 inches long is divided into six equal parts, draw parallel 
lines half an inch apart through the divisions of the given lino. 

4. Bisect a given line 3 inches long by use of set squares with 
angles of 45° and 60°, 

6. Bisect a given angle by the use of set squares. 

6. Divide a given angle into eight equal angles. 

7. Draw an angle equal to the sum of two given angles. 

8. Construct angles of 60°, 45°, 105°, 150° with the aid of com- 
passes and ruler only. 

9. Construct angles of 75°, 120°, 135°, and 15° with the aid of set 
squares (of 45° and 60°) only. 

10. Divide a line 3 inches long into five equal parts with the use of 
compasses and ruler only. 

Triangles. 

Problem 14.— To draw an isosceles triangle, given the base AB and the length 
of a side 0. (Plate VIII., Fig. 18.) 

With centres A and B and radius equal to C, describe arcs intersecting 
at D. Join AD and BD. Then ABD is the required triangle. 

(If the base AB equals C, the triangle will be an equilatera} 
triangle.) 
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Problem 15.— To draw an isosceles triangle, given the length of a sideO) and 
the angle at the base a. (Plate VIII) Fig* 19- ) 

Make the angle BAD equal to a. Make AD equal to 0, and with 
centre D and radius -equal lo 0 mark the point B on AB. Then ABD is 
the required triangle. 

Problem 16— To draw an isosceles triangle, given the base AB and the vertical 
angle bao (Plate VIII, Fig. 20 ) 

Make ah equal to ao and join be. On AB make AE equal to 6c, and 
the triangle EAF equal to the triangle cba. Draw BO parallel to EP 
and prolu'jo AF until it meets BC in C. Then BAO is the required 
triangle. 

Problem 17.— To draw an isosceles triangle, given the altitude AB and the 
vertical angle a (Plate VIII, Fig. 21.) 

Bisect the angle a. At A lay off on each side of BA angles BAE and 
BAFequil to half a. Through B draw GBH perpendicular to BA. 
Then QAH is the required triangle. 

Problem 18.— To draw an isosceles triangle, given the altitude AB and a base 
angle a (Plate VIII., Fig* 22.) 

Through B draw on perpendicular to BA. Make the angle DBE 
equal to a. Draw AO parallel to BE. Make BD equal to BO, Join 
DA. Then DOA is the required triangle. 

Problem 19.— To draw any triangle, given the base AB, the vertical angle Q 
and a base angle a. (Plate VIII, Fig. 23.) 

At A make the angle BAD equal to a. In B make the angle abc 
equal to a. At B •make the angle ABD equal to boa. Then ABD is the 
required triangle. 

Problem 20. -To draw any triangle, given the altitude AB and the two base 
angles a and 6 * (Plate VIII, Fig. 24.) 

Through A and B draw lines EF and OD perpendicular to AB. 
Make the angle EAO equul to B and the angle FAD equal to a. Then 
AOD is the required triangle. 

Problem 2L— To draw any triangle, given the base AB, the altitude C, and the 
vertical angle a. (Plate VIII, Fig. 25.) 

Bisect AB at right angles by the line FE, Make FE equal to 0 
Make the angle FAO equal to a. Draw AD perpendicular to AO cutting 
PE in D. With centre D and radius DA describe the segment of a circle 
AGB. Through E draw GH parallel to AB, cutting the circumference 
of the circle in G. Join GA and GB. Then GAB is the required 
triangle. 

Problem 22.— To draw any triangle of perimeter euual to a given length 
ai|d similar to a given triangle ABO. (Plate VIII, Fig. 26.) 
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On DE draw the triangle DFE similar to ABC. Bisect the angles 
FDE and FED by lines meeting in Q. Draw GH parallel to FD and 
OK parallel to FE. Then QHK is the required triangle* 

Problem 23.-rTo draw a right-angled triangle, given the hsrpotenuse AB and 
the length of one side 0. (Plate VlII, Fig. 27.) 

On AB describe a semicircle. With centre B and radius equal to C, 
out off a point D on the circumference. Join AD and BD. Then ADB 
is the required triangle. 

(If the base angle is given instead of the length of the side, make 
angle ABD equal to the base angle.) 

Problem 24.~To draw a right-angled triangle, given the length of the 
hypotenuse AB and the perpendicular 0 let fall on to it from the opposite angle. 
(Plate VIII, Fig. 28.) 

On AB describe a semicircle. Draw DE parallel to AB, and at a 
distance from AB equal to C, cutting the semicircle in D and E. Join AD 
and B D. Then ADB is the required triangle. 

Exercisbs~-Tbiangles. 

1. Draw a triangle, the sides of which are 3*5, 1*75, and 2*5 inches 
respectively. 

2. On a base of inches construct an isosceles triangle with a 

vertical angle of 45®. 

Bisect tho base AB by a perpendicular OD. With 0 as centre and CA as radius 
out DO in E. With E as centre, and radius EA describe the arc AFB cutting CD in F. 
Join AF, BF. 

3. On a base of 2 inches, construct an isoscclea triangle with a 

vertical angle of 30®. 

4. Construct a triangle, given the length of the altitude, one side 
and the base. 

5. Construct a triangle, given the length of the altitude and the 
two sides. 

6. Construct a triangle on a base of 2 inches having angles in the 
proportion of 2, 5, 7. 

Produce the base AB. With centre A and any radius, describe a semicircle, and 
divide it into 14 parts. Join 65. Make the opposite angle BAG equal to 2AO. 

7. Construct a triangle with a perimeter of 4 inches, the sides to be 

in the proportion of 2, 8, 4. 

Divide 4 inohes into 9 parts, with centres 2 and 5 and radii 2, 0 ; 5, 9, describe ares 
interseoting in B ; then 2 5 B is the required triangle. 

8. Construct a right-angled triangle with a hypotenuse of 2 inches 
and an acute angle of 15^. 
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9. Construct a right-angled triangle having angles in the proportion 
of 2, 4, 6. 

10. Construct a right-angled triangle with a hypotenuse of 2 inched 
and a side of J inch. 

QuadrilateraIi Figures. 

Problem 25 —To draw a square, given a diagonal AB- (Plate VIII, Fig* 29 ) 

On AB as diameter describe a circle. Bisect AB at right angles by 
the line DE, cutting the circumference of the circle in D and .E. Join 
AD, DB, BE, and EA. Then ADBE is the required square. 

Problem 26-— To draw a square, given the difference in length 0 between the 
diagonal and side* (Plate VIII, Fig. 30 ) 

Draw any line AB and erect a perpendicular AD. Bisect the angle 
BAD by the line AP. Make AE equal to C. Draw EG perpendicular 
to AB and cutting AP in Q. With centre G and radius QE describe an 
arc cutting AP in F. On AP describe the required square AFBH. 

Problem 27 —To draw a rectangle, given the diameter AB and one side 0* 
(Plate VIII. Fig. 31.) 

On AB as diameter describe a circle. With A and B as centres and 
0 as radius draw arcs cutting the circumference in D and E. Join the 
points ADBE. Then ADBE is the required rectangle. 

Problem 28.— To draw a rhombus, given the diagonal AB and length of sides 
a (Plate VIII, Fig. 32.) 

With centres A and B and radius equal to C draw arcs intersecting 
at D and E. Join the points ADBE. Then ADBE is the required 
rhombus. 

Problem 29.— To draw a parallelogram, given the length of two diagonals 
0 and D and the included angle a. (Plate VIII, Fig 33 ) 

Draw any line AB equal to 0. Bisect AB in E. Make the angle 
AEF equal to a. Make EF and EG each equal to half D. Join the 
points AFBQ. Then AFBG is the required parallelogram. 

Problem 30.— To draw a square equal to a given rectangle ABCD. 
(Plate VIII, IFig 34.) 

Produce DA to E. Make AE equal to AB. On DE as diameter 
describe a semicircle. Produce AB to cut the circumference in F. On 
AP describe the required square. 

Polygons. 

Problem 31.~ To describe a regular polygon (say a pentagon) of any number 
of sides on a given line AB. First method* (Plate VIII , Fig 35. ) 

With B as centre and radius BA describe a semicircle cutting AB 
pioduced in E. Divide the semicircle into as many parts as there afe 
sides in the polygon ; in this case five. From B draw lines through each 
division commencing from the second from the right. •' 
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Make BL equal to BA and complete the pentagon ABLMN, 

Second method (Fig. 36;.— At A erect AO perpendicular and equal 
to AB. Join BC. Bisect AB at right angles by the line DE, cutting 
BC in 4. With centre A and radius AB describe the are BC cutting DB 
in 6. Bisect 4, 6 at 5. Lay od* the distance 4, 5 from 6 along the line 
DE marking the points 7, 8, 9, etc. 

Then 4 is the centre of the circle described about a square of side AB, 
and 5 the centre of the circle described about a pentagon of side AB, and 
so on. 

Third method.— The most accurate method is to use the Line of Poly- 
gons on the sector (see Chapter I, p. 12). The sector is opened so 
that the distance between the two corresponding numbers representing 
the number of sides of the polygon, on the two lines of polygons, is equal 
to the given length AB. The transverse distance at 6 for this same 
opening will give the radius of the circle to be described about the 
required polygon. Fig. 37 a pentagon and a heptagon are drawn by 
this method. 

Problem 32.— To describe a pentagon on a lineAB, Special method. (Plate 
Vni, Fig. 38.) 

Bisect AB by the line CD drawn perpendicular to it. Make CE 
equal to AB. Join BE and produce the liue. Make EF equal to AC, 
Out off on CD a point D so thit BD i^ equil to BP. With centres A, B, 
and D and radius AB draw arcs intersecting at G and H. Then 
ABHDG is the required pentagon. 

Problem 33.— To inscribe a regular polygon in a given ci rcle BGF (say a 
pentagon). (Plate VIII, Fig. 39.) 

Draw a diameter AB and divide it into as many parts as there are to 
be sides to the polygon required, in this case 5. 

From A and B as centres, with AB as radius, describe arcs intersect- 
ing at C. Through C and the second division draw the line C2D, 
butting the circle in D. Join BD. Then BD is the side of the inscribed 
polygon, which can be completed. 

Problem 34.— To inscribe an equilateral triangle in a given pentagon ABCBD. 
(Plate Vill, Fig. 40.) 

Through E draw GF parallel to AB. With E as centre and with any 
radius, describe a semicircle FHG. From G and F as centres and with 
the same radius, describe arcs cutting the semicircle FGH in H and L. 
From E draw the lines ELK and EHN meeting the sides of the pentagon 
in K and N. Join the points ENK, Then ENK is the required inscribed 
equilateral triangle. 
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Exeboises^Quadbilatebal Figures and Polygons. 

1. OoDstruct au equilateral triangle 2*5 inches high. 

2. Construct a rhombus, the length of one side being 1 inch and one 
engle being 30®, 

3. Construct a rhombus, one side of which is equal to inches and 
the diagonal equal to 2 inches. 

4. Construct a trapezium, diagonal 2 inches, sides 1 inch and 
inches. 

6. Construct a heptagon with a side of 2 inches. 

6. Construct an octagon with side of I inch. 

7. Two sides of a pentagon AB and BC are given in position, com- 
plete the pentagon. 

8. Construct an irrogolar octagon, the adjacent sides being J, 1 
and 1^ inches, the opposite sides are equal and parallel. 

Circles. 

(For sftke of brevity a glron oirole is usually reforred to by the letter indicating 

its centre.) 

Problem 35.— To find the centre of a given circle BAG. (Plate IX, Fig. 1.) 

Draw any two chords BA and AC. Bi8ec^ each chord by lines inter- 
secting at D which is the required centre. 

(The same construction would be used to draw a circle through three 
given points B, A and C or to complete a circle of which the arc BC is 
given.) 

Problem 36. -To draw a tangent to a circle from a point P- (I) in the circum- 
ference. (Plate IX, Fig. 2.) 

Find the centre A. Join AP. Draw BP perpendicular to AP. Then 
BP is the required tangent. 

(ID Outside the circle. (Plate IX, Fig. 3.) 

Join the centre A with P. Bisect AP in B, With centre B and 
radius £P describe arcs cutting the circle in C and D. Then PC and 
PD are the required tangents. 

Problem 37.— To draw a tangent to an arc through a point P in the circumfer- 
ence when the centre is inaccessible. (Plate IX> Fig. 4.) 

Draw any chord PA. Bisect it at right angles by the line CD, meeting 
the arc in D. Join PD, Make angle DPF equal to angle DP A, Then 
PF is the required tangent. 

Problem 38.— To draw a tangent to an arc through a point? outside the are 
when the centre is inaccessible. (Plate IX, Fig 5.) 

From P draw any line PAB cutting the arc in A and B and on PB 
describe a semicircle. Draw AC perpendicular to PB, meeting the semi- 
circle in C. On the arc out off PD equal to PC. Join PD. Then PD is 
tib^ required tangent. 
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Problem 39.— To draw an exterior tangent to two circles A and B. Case 1. 
When the circles are apart. (Plate IX-, Fig. 6- ) 

Join the two centres A and B and bisect AB in C. With centre A, the 
centre of the larger circle, and radius equal to the difference between the 
radii of the two given circles, describe a circle. With centre C and 
radius CA mark off a point D on this circle. Join AD and produce the 
line to cut the circle A in E. Draw BF parallel to AE. Join EF. Then 
EF is the required tangent. 

Case 2.— When the circles touch. (Plate IX, Fig. 7.) 

Join the centres AB by a line cutting the circles in the point C. On 
AB describe a semicircle. At C erect CE perpendicular to AB cutting 
the semicircle in E. With centre E and radius EC draw arcs cutting 
the two circles in F and G. Join FQ. Then FG is the required tangent. 

Case 3-— When the circles intersect. (Plate IX, Fig 8.) 

Join the centres A and B. Draw any two parallel radii cutting the 
circumferences in C and D Join DO and produce it to cut the line BA 
produced in E. Describe a semicircle on BE cutting the bigger circle in 
F, Join FE. Then FE is the required tangent. 

Problem 40- —To draw an interior tangent to two circles A and B. (Plate 
lX>Fig.9.) 

Join the centres A and B, With centre B and ra lius equal to the sura 
of the radii of the two circles, describe a circle. From A draw AC 
a tangent to this circle. Join OB cutting the circirn fere ace in E. Draw 
ED the required tangent parallel tb AO. 

Circle toucbing Lines and Circles. 

Problem 41.— To describe a circle to touch a given line AB in a point P, and 
to pass through any given point Q. (Plato IX, Fig. 10.) 

Draw PC perpendicular to AB. Join PQ. Bisect PQ at right angles 
by the line DC cutting PC in C. Then C is the centre of the required 
circle. 

Problem 42 —To describe a circle of any given radius B to touch a line AB, 
and pass through a given point P (Plate IX, Fig. 11 ) 

At a distance equal to Rdraw CD piralled to AB. With centre P 
and radius R cut off a point E on CD. Then E is the centre of the 
required circle. 

Problem 43.— To describe a circle to pass through two given points P and Q 
and to touch a given line AB- (Plate IX, Fig- 12.) 

Join PQ and produce the line to cut AB in C. Bisect PQ at right 
angles by the line DE. With D as centre and DC as radius, describe a 
semicircle. Draw PF perpendicular to PQ cutting the semicircle in F. 
Make CQ equal to PP. Draw QE perpendicular to AB cutting DE in 
E. Then £ is the centre of the required circle. 
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Problem 44 -To describe a circle to touch three given lines AB, OD, and EF> 
(Plate Fig. 13) 

Produce the given lines to meet in the points 0 and H. Bisect the 
angles BGH and QHF by lines meeting in K. Then K is the centre of 
the required circle. From K dra\» KL perpendicular to EF. Then KL 
is the radius of the required circle. 

Problem 45 —To describe a circle of given radius R to touch two converging 
lines AB and CD which do not meet on the paper. (Plate IX, Fig 14 ) 

At distance R draw two lines parallel to AB and CD intersecting at 
E. Then B is the centre of a required circle. 

Problem 46 — To describe a circle to touch two converging lines AB and CD, 
and touching one in a given point P. (Plate IX, Fig. 15.) 

Produce AB and CD to rnoeb in E Bisect the angle AEG in EF. 
Through P draw PF perpendicular to EC meeting EF in F. Then F is 
the centre of the required circle. 

Problem 47.- To describe a circle to touch two converging lines AB and CD, 
and passing through a given point P. (Plate IX, Fig. 16 ) 

Proceed as in Problem 46 and draw any circle BCD touching the two 
given lines. Join EP cutting this circle in G, Join the centre H to Q. 
Draw PK parallel to GH cutting the bisecting line EF in K. Then K 
is the centre of the required circle. 

Problem 48. —To describe a succession of circles touching two converging 
lines AB and CD, and each other. (Plate IX, Fig. 17 ) 

By Problem 6 draw a line Gil bisecting the angle between AB and 
CD. At any p)int E draw EF perpendicular to AB, and with centre E 
and radius EF describe the first circle cutting GH in J. At J draw JK 
tangent to the circle. With centre K and radius KJ describe an arc JL 
catting AB in L. Draw LM perpendicular to AB. Then M is the 
centre of the second circle. Proceed in the si me way for the rest. 

Problem 49. —To describe a circle of given radius R to touch a line AB 
and a given circle C. (Plate IX, Fig. 18.) 

At a distance equal to R draw a line DE parallel to AB. With 
centre 0 and radius equal to the radius of the given circle plus the 
distance R draw an arc cutting DE in F*. Then F is the centre of the 
required circle. 

Problem 50 — To describe two circles of given radius A and B to touch each 
other and a given circle internally. (Plate IX, Fig. 19.) 

Draw CD any diameter of the given circle through the centra F. 
Draw a circle of radius equal to A to touch this circle in 0 having its^ 
centre at K and cutting the diameter in E. Make EG and DH equal 
to B. With centre K and radius KQ, and centre F and radius F3, dpaiy 
^rcs interseoting in L. Then L is the centre of the third circle, . i 
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^oblem 51.~To describe a circle to touch a given line AB and a given 
circle G in a point P. (Plate IX, Fig. 20, externally ; Fig. 21 internally.) 

Join the centre of the given circle C with P and produce the line CP 
or PC. At P draw a tangent to the circle cutting AB in D. Bisect the 
angle BDP by a line cutting CP or PC produced in E. Then E is the 
centre of the required circle. 

Problem 52 —To describe a circle to touch a given circle C^nd a given line 
AB in a point P. 

Touching the given circle externally- (Plate IX, Fig. 22.) 

Case 1. Through P and C draw PQ and DC perpendicular to AB. 
Produce DC to cut the circumference in E Join EP cutting the circle 
in F. Join OF and produce it to meet the perpendicular from P in G, 
Then G is the centre of the required circle. 

Touching the given circle internally. (Plate IX, Fig- 23.) 

Case 2. Through P and C draw PG and CD perpendicular to AB. 
Join P with E the point where the perpendicular CD cuts the circle. 
Produce PE to cut the circle in F. Join FC and produce it to cut the 
perpendicular from P in G. Then G is the centre of the re(iuired circle. 

Problem 53.— To describe a circle to touch two given circles A and B, and 
one of them (A) in a given point P. (Plate IX. Fig. 24, to include both circles; 
Fig. 25 bo include one circle only.) 

Join PA and produce the line. Make PC equal to the radiirs of the 
second circle B. Join CB and bisect it at right angles by a line ED 
cutting PC or CP produced in D. Then D is the centre of the required 
circle. 

Problem 54. - To describe a circle with a given radius K to touch two given 
circles A and B (Plate IX, Fig. 26, externally ; Fig. 27 internally.) 

Join AB and produce it if necessary. Make CF and DE equal to K. 
With centres A and B and radii AF and BE describe ares intersecting 
at G, which is the centre of the required circle. 

Problem 35.— To describe three circles touching each other when the three 
positions of their centres A, B, and 0 are given- (Plate IX, Fig. 28 ) 

Join the three points and bisect the angles BCA and CAB by lines 
intersecting in D, Draw DE perpendicular to AC. ? 

With centres A and C and ra'lii AE and CE, describe circles ; 
complete the figure. 

Problem 56-— To describe three circles touching each other when the lengths 
of their radii A, B, and 0 are given- (Plate IX, Fig. 29.) 

Draw any line EF, and on this as diameter draw two circles touching 
each other with radii equal to A and B and centres at G and H. 

With G as centre and radius equal to A plus C and with H as centre 
and radius equal to B plus 0, draw arcs intersecting at K. Then K is 
the centre of the required circle# 
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Exercises— Circles, etc. 

1. A and B are 1 inch distant from C and 2 inches distant from 
each other. Draw a circle to pass through the three points. 

2. Draw two tangents to a circle which shall make an angle of 30® 
with each other, 

3. A circle C has a radius of IJ inches. Find a line equal in length 
to half its circumference 

4. Two straight lines intersect at an angle of 35®. Draw a circle of 
2*25 inches radius touching both lines. 

5. Given a circle of 2 inches radius Draw a chord so that the angle 
subtended at the circumference of the circle is equal to 25®. 

6. AB 2 inches in length is a chord. Construct .an arc of a circle 
which shall subtend an angle of 30®. 

7. From a point P inches from the centre of a circle of 1 inch 
radius, draw a line cutting the circle in two points A and B, so that AB 
shall be equal to J inch. 

8. Centres of throe circles of } inch diameter are IJ, 2, and 1| inches 
apart. Describe a circle to enclose the three circles tangentially. 

9. Trisect a right angle and describe three circles of J inch radius 
to touch each pair of adjacent linos. 

10. AC and BD, the extremities of two straight lines, each 3 inches 
long, are } inch and 2 inches apart respectively. Draw a circle of 1 inch 
radius which shall touch both lines. 

Inscribed Figures, 

Problem 57 — Irf a given triangle ABO to inscribe a square- (Plate IX, 
Pig. 30 ) 

From vertex B draw BD perpendicular to the opposite side AO. 
Draw BE parallel to AC and equal to BD. Join EA cutting BG in F. 
Draw FG parallel to AC and complete the required square FQHJ. 

Problem 58.— In a given triangle ABO to inscribe a rectangle, one side of 
given length L- (Plate IX, Fig 31.) 

iffake AD equal to the length L. Draw DE parallel to AB. Draw 
EF parallel to AC, and complete the required rectangle EHQF. 

Problem 59 —In a given triangle ABC to inscribe a circle- (Plate IX, Fig. 32-) 

Bisect any two angles of the given triangle by lines meeting at D. 
Draw DF perpendicular to AC. With D as centre and DF as radius 
describe the required circle. 

Note. — A uy polygon can be inscribed in u triangle by first inscribing the circam* 
icnbmg circle of the polygon. 

Problem 60.— In a given equilateral triangle ABC to inscribe tbr^e equat 
circles, each to touch one side and two circles. (Plate IX, Fig. 33 ) 
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Bisect each angle of the given triangle by the lines CE, AF, and BD. 
Bisect the angle FAD by a line AG cutting BD in G. Make EH and 
FJ equal to DG. Then H, J, and G arc the centres of the three required 
circles. 

Problem 61,— In a given equilateral triangle ABC to inscribe three equal 
circles, each to touch two sides and two circles. (Plate IX, Fig. 34.) 

Bisect each angle of the given triangle by the lines CE, AF, and BD. 
Bisect the angle BDA by a line DG rutting AF in G. Make BII and 
CJ equal to AG. Then H, J, and G are the centres of the throe required 
circles. 

Problem 62.— In a given equilateral triangle ABO to inscribe six equal circles. 
(Plate X, Fig. 1.) 

Find the point G as in Problem GO. Draw LGM parallel to \C. 
On LM describe an equilateral tiiangle. Then N, J, M, G, L, and H aie 
the centres ot thebi\’ oiisdes ie<[aired. 

Problem 63. - In a given isosceles triangle ABC to inscribe a semicircle. 
(Plate X, Fig. 2.) 

Bisect the vertical angle ABC l y the line BD. Bisect the light angle 
BDC by the line DE, meeting CB in E. Draw EF par.illcl to AC, 
cutting BD in G. With centre G and radius GD describe a semicircle. 

Problem €4.— In any given triangle ABC to inscribe thiee circles, each to 
touch one side and each other (Plate X, Pig. 3.) 

Bisect each angle of the given triangle by lines meeting at the point 
D, called the centre of the triangle. Then tlio given triangle i.s divided 
into three triangles in each of which describe a circle by Problem 59. 

Problem 65 —In any given triangle ABO to inscribe three circles, each 
to touch two sides and each other. (Plate X, Fig. 4.) 

Find D the centre of the triangle and drop perpendiculars DC, DE, 
and DF to the opposite sides. 

Bisect the angles AFD, DFC, and DEB, by lines FG, FII, and EL, 
meeting AD, CD, and BD, in the points G, H, and L respectively. Then 
these three points are the centres of the required circles, and their radii 
can be found by dropping perpendiculars to the adjacent sides. 

It should be noted that the triangle is divided into throe trapezia in 
which circles can be inscribed by Problem 68. 

Problem 66.- In a given equilateral triangle ABO to inscribe three semicircles 
each touching one side of the triangle. (Plate X, Pig- 5 ) 

Find D the centre of the triangle, which is now divided into three 
triangles, complete by Problem 63. 

Problem 67.— In a given equilateral triangle ABO to inscribe three semi- 
circles, each touching two sides of the triangle. (Plate Xi Fig. 6.) 

10 
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Bisect each side of the triangle in the points D, E, F, and join each of 
these points to the vertex of the opposite angle. Draw DH perpendicular 
to AB and on DA cub off DL equal to DH. Join LB cutting CF in G, 
Draw GK parallel to AC, KM parallel to AB, and MG parallel to BC, 
cutting BD, CF, and AE in P, Q, and 0, which are the centres of the 
required semicircles. 

Problem 68.— In a given trapezium ABCD having pairs of equal adjacent sides 
to inscribe a circle (Plate X, Fig 7 ) 

Draw a diagonal AC. Bisect the angle ADC by a line Dl^^ meeting 
AC in E. Draw EF por])eu<licular to AB With E as centre and EF 
as radius dc'- Cl ibe the required eircK*. 

Problem 69 —In a given trapezium ABCD having pairs of equal adjacent sides 
to inscribe a square. (Plate X, Fig 8 ) 

Draw the diagonal lU). l^raw BE peipondicular aud eciuil to BD. 
Join EA cutting BC in F, which is a corner of the required square. 
Draw the sides of the square parallel to the diagonals of the trapezium. 

Problem 70.— In a given trapezium ABCD having pairs of equal adjacent sides 
to inscribe a semicircle (Plate X, Fig. 9.) 

Draw the diagonals AC and BD intersecting at E. On AC describe 
a .semicircle. Draw EF perpeiKlicular to BO meeting the semicircle in F. 
Join FD cutting BC in G. Draw GH parallel to FE. With centre H 
and radius HG describe the required semicircle. 

Problem 71.— In a given square ABCD to inscribe a circle (Plate X, Fig. 10.) 

Draw the diagonals AC and BD intersecting at F. Draw FE per- 
pendicular to AD. With centre F and radius FE desc ribe the required 
circle. 

Problem 72, -In a given square ABCD to inscribe an equilateral triangle. 
(Plate X» Fig 11.) 

Draw a diagonal BD and on it describe the (quilateral triangle BED. 

Draw CF parallel to ED and CG 2 >arallel to EB. Join GF. Then 
GCF is the reipiired equilateral triangle. 

Problem 73- — In a given square ABCD to inscribe an isosceles triangle, the 
length of the base L being given ^Plate X, Fig. 12.) 

Draw a diagonal AC. Make CE equal to L. Draw EF parallel to 
BC and FG parallel to AC. Join GD and FD. Then FGD is the required 
isosceles triangle. 

Problem 74.— In a given square ABCD to ir scribe the largest possible semi- 
circle- (Plate X, Fig 13.) 

Draw the diagonals intersecting in E, and on BD describe a semi- 
circle. Draw EF perpendicular to AB cutiing the semiciicle in F. 
Join FO cutting AB in G. Draw GH parallel to FE. With centre H 
and radius JG describe the required feemicirole. 
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Problem 75.->ln a given square ABGD to iascribe two circles each to touch 
each other and two sides of the square. (Plate X, Fig. 14.) 

Draw diagonals AO and BD intersecting at E. Bisec t the angle 
EAD uy a lino AF meeting ED in F. Make EG equal to EF. Draw 
FH perpendicular to AD. With centres F and G and radius hH 
describe the two required circles. 

Problem TB.^-In a given square ABCD to inscribe four equal semicircles 
(each to touch one side of the square, and to have their diameters adjacent. 
(Plate X, Fig 15.) 

Draw the diagonals which divide the square into four equal triangles ; 
complete by Problem 63. 

Problem 77.— In a given square ABCD to inscribe four equal semicircles, 
each to touch two sides of the square, and to have their diameters adjacent. 
(Plate X, Fig. 16.) 

Draw the diagonals AC and BD and the diumeteis EG and HF 
iuterseoling in P. Bisect EG and FD in J and K. Join JK cutting HF 
in L. Make PM, PN, and PQ equal to PL, {uid join the points L, M, N, 
and Q. These lines are the adj icent diameters on which the required 
semicircles may be described. 

Problem 78 -In any given regular polygon (say a pentagon ABODE) to 
inscribe a square. (Plate X, Fig 17.) 

Draw any diagonal BE. Draw BF equal and pe.rpeiidiuilar to BE. 
Join FA cutting BC m H. Draw HU p.irallel to BE and on it describe 
the required square. 

(Special methods for the hexagon and octagon can be worked out by 
the Student ) ‘ ^ 

Problem 79 —In any given regular polygon to inscribe a similar figure 

Bisect each side of the given polygon, and j uii the points so obtained. 

Problem 80.— In any given regular polygon (say a hexagon ABODEFG) to 
inscribe as many semicircles as the figure has sides, each touching one side and 
having their diameters adjacent (Plate X, Fig. 18.i 

Draw all the diameters of the polygon intersecting at E and dividing 
it into a number of isosceles triangles. In each dcscri’ie a semicircle by 
Problem 63. 

Problem 81.— In any given polygon (say a pentagon ABODE) to inscribe as 
many semicircles as the figure has sides, each to touch two sides of the polygon, 
and have their diameters adjacent. (Plate X, Fig. 19.) 

Draw the diameters intersecting in F. The polygon is then divided 
up into a number of trapezia, in which semicircles can be described by 
Problem 70. 

Problem 82. — In a given hexagon ABCDEF to inscribe an isosceles tnEngle 
of given base L. (Plate X, Fig 20.) 
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Draw a diagonal OF. Draw FQ porpondicular to OF equal to half 
the given biso L. Draw QE parallel to OF cutting AF in E, Draw 
IIK parallel to GF. Join HO and KO. Then CHK is the required 
isosceles triangle. 

Problem 83. —In a given hexagon ABODE? to inscribe a rectangle, having 
a given side M. (Plate X, Fig. 21.) 

Draw a fUagon\I OF. Join AE, and on it cut off a leiigih AG equal 
bo M. Draw GE parallel to AF meeting FE in H. Draw HK parallel 
to FC, and HJ and KL parallel to AE. Join LJ. Then HKLJ is the 
required rectangle. 

Problem 84.— In a given sector BCD to inscribe a square. (Plate X, Pig. 

22 ) 

Join OD. Make OE c|ual and perpendicular to CD. Join Ell cut- 
ting the arc DO m F. Draw FE parallel to CD aiil on it describe the 
required square. 

Problem 85.— In a given sector ABC to inscribe a circle. (Plate X, Fig. 23.) 

Bisect the angle BAC by the line AD, At L) draw the tangent EOF. 

Produce AB aud AO to incet the tangent in E and F. In the triangle 
EAF inscribe the required circle. 

Problem 86. - In a given sector ABO to inscribe a semicircle. (Plate X, Fig. 
24.) 

In the same way as the last priblern obtain the tri ingle EAF and in 
It inscribe a semicircle by Problem 63. 

Problem 87. —In a given circle to inscribe a square. (Plate X , Fig. 25.) 

Draw two diameters AC and BD at right angles to each other. Join 
AB, BO, CD, aid DA Tiie i ABCD is the required square. 

Problem 88. -lu a given circle to inscribe an equilateral ^triangle. (Plate X, 
Fig. 26.) 

Fin I the centre C and diaw any diameter AB. With A as centre and 
AC as radius, describe an arc cutting the circle in D and E. Join DE, 
EB, and BD, T ic i DEB is the ro(iuirod equilateral triangle. 

Problem 89.— In a given circle to inscribe a triangle similar to a given triangle 
ABO. (Plate X, Fig 27.) 

At any point D in the cirmmference of the given circle draw a tan- 
gent EDF. Make the angle EDG equal ACB, and the angle FDH equal 
to the angle CAB. Join QE. Then GDH is the required triangle. 

Problem 90.— In a given circle to inscribe any regular polygon, say a pentagon. 
(Plate X, Pig. 28.) 

Draw any diameter AB and divide it into as many parts as there are 
sides to the required polygon— in this case 5. With A and B as centres 
and AB as* radius, describe arcs intersecting in 0. Through 0 and the 
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sec^ond difiaioa draw a line 02 D cutting the circle in D. Join BD which 
is a side of the inscribed polygon which can be completed. This is only 
an approximate method but good enough for practical purposes. 

When a regular polygon of any number of sides is inscribed in a circle 
we may always inscribe a polygon of double the number of sides by bisect- 
ing each of the former arcs, and joining the points of bisection. Thus 
from a square may be inscribed a regular octagon, a regular polygon of 16, 
32, etc., sides ; from a hexagon may be inscribed a regular polygon of 12, 
24, 4S, etc., sides ; from a decagon may be inscribed a regular polygon of 
20, 40, 80, etc,, sides ; and from a pentedecagon a regular polygon of 
30, 60, 120, etc., sides. 

It was long supposed that these were the only regular polygons which 
could be inscribe 1 in a circle by the aid of elementary geometry, or by the 
intersections of straight lines and circles only. Ii can, however, be 
prove! that a regular polygon of m sides can always be inscribed in a 
circle by similar methods whoa m prime number and equal to 
2 “ + 1 . 

Problem 91.— In a given circle, to inscribe a pentagon. Special method. 
(Plato X, rig. 29.) 

Draw any two diameters at right angles All and CD intersecting in 
the centre E, Bibect EB in F. With centre F and radius FC dra^/ an 
arc cutting AE in G. With centre 0 and radius CG draw an arc cut- 
ting the circle in II, Join HC which is a side of the require! pentagon. 

Problem 92.— In a given circle, to inscribe any number of equal circles 
(say five). (Plate X, Fig 30.) 

Divide the circumference of the circle into twxe as many parts as 
there arc to be circles, and through those points draw diameters. Let 
AB and CD bo two adjacent diameters At B draw a tangent BF meet- 
ing CD produced in F. Bisect the angle BFD by a line FH meeting AB 
in II. Then H is the ceutro of one ciiclc and the rest can be drawn. 

Problem 93.— In a given circle, to draw any number of equal semicircles 
having adjacent diameters (say five). (Plate X, Fig. 31.) 

Divide the circumference of the given circle into twice as many equal 
parts as there are to be semicircles and draw the diameiers. 

Let AB and CD be two adjacent diameters. At B draw a tangent 
EB. Bisect the angle EBA by a line cutting DC in F. 

Let 0 be the centre of the circle. On the diameter GH mark off 
OK equal to F. Join FK. On it describe one of the required semicircles, 
and the figure can be completed. 

This figure is called a Cinque-foil. If there are four semicircles it is 
called a Quater-foil ; if three a Trefoil. 
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Problem 94' —In a given circle, to inscribe any number (say four) of euual 
circles, equidistant from each other and from the circumference of the given 
circle. (Plate X, Fig. 32.) 

Divide the circle infcj three time ^ the number of equal sectors, as 
circle required— in th»s case 12. Then join up into four equal triangles 
and inscribe in them the required circles. 

Exercises— Inscribed Ficures. 

1. In a square, the sides of which are 2 iuchos, inscribe a rectangle 
the length of one side being £ inch. 

2. Inscribe a circle within a trapezium having pairs of equal adjacent 
sides 1 inch and 2J inches long. 

3. Within a square, side 2 laches, imeribe eight equal circles. 

4. Within a circle of 2 inches radius, inscribe a triangle the angles 
of which are as follows 37*^, 73®, and 70®. 

5. In a pentagon, side 1*75 inches, plao a pentagon of 1 inch side 
having a common centre with the first pentagon, 

6. In a heptagon, side L*25 inches, inscribe the largest and possible 
equilateral triangle. 

7. In a square, side 2 inches, inscribe a square a cornor of which 
shall lie on one side and £ inch from a corner of the first square. 

8. In a hexagon, side 1 inch, inscribe a dodecagon. 

9. In an isosceles triangle inscribe three circles, each touching two 
sides of the triangle and two other circles. 

Circumscribed Figures. 

Problem 95.— About a given triangle ABO to describe a circle. (Plate X, 
Fig. 33.) 

Bisect any two sides of the given triangle by lines EK and DF drawn 
at right angles to the sides; meeting each other in the point F. Then 
F is the centre of the required ciicle. 

Problem 96. -About a given triangle ABO to describe a triangle similar to 
a given triangle DBF. (Plate X, Fig. 34.) 

On one side AB of the given triaogle deicribe a triangle ABG similar 
to DEF. Through G draw a lino HK parallel to AB. Produce GA 
and GB to meet HK in the points H and K. T.ion HGIv is the required 
triangle. 

Problem 97.— About a given isosceles triangle ABO, to describe a square. 
(Plate X, Fig. 35 ) 

On the base BC describe a semicircle. Bisect the angle BAG by a 
line AD meeting tne semicircle in D. Join DO and DB and produce 
them. Draw AE parallel to BD aul AF paralbd to CD. Then AEDF 
is the required square. 
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Problem 98.— About any given rectangle ABCB (say a s(iuare) to describe 
a circle. (Plate X, Fig 36.) 

Draw the two diagonals intersecting in E Then E is the centre of the 
required circle. The same construction holds good in the case of any 
regular polygon. 

Problem 99. About a given square ABCD to construct an equilateral 
triangle. (Plate X, Fig. 37.) 

On BC construct an tipiilatoral triangk^ BEC. Produce EC and 
EB to moot AD produced in F and 0 Then FEC is the required 
equilateral tiiangle. 

Problem 100.— About a given squ re ABCD to construct a triangle similar 
to a given triangle EFG. (Plate X, Fig 38.) 

On BC construct a liiangh' similar to EFG, llieri pio(o>d as in the 
last problem 

Problem 101 About a given circle to describe any number of equal circles 
(say five), touching each othei and the circumference of the given circle. (Plate 
X, Fig. 39.) 

Find the ccntic ol‘ the given cjrcle P Divide the circle into twice as 
many parts as there are circles leqmred- m thn case 10. Let AB, CD, 
and EF be thiee adjacent diameters At B ilraw a tangent BH meeting 
CD produced in H. Pioduce CH to G. Bisect the angle GllBby a line 
HK meeting AB produced in K. Then K is the centre of one circle, and 
the rest can be drawn in the same way. 

Problem 102.— To draw anascrihed circle to any triangle ABC. (Plate X, 
Fig 40) 

Produce the sides AB and AC to D and E. Bi-ect the angles DBC 
and ECB by lines BF and CF meeting in F, which^is the centre of the 
ascribed circle 

Exercises—Circumscriiiei) Figures 

1. Describe a square about a circle of IJ inches radius. 

2. About a circle of 1 inch radius describe a triangle having angles 
of 65®, 35®, and 80® 

3. About a circle of 1 inch radius describe a pentagon. 

4. About a circle of 1 inch radius describe an equilateral triangle, 
touching the circle in a fixed point P. 

6. A triangle ABC has sides of the following length : — *75, *6, and 
1 2 inches, About a circle of 1 inch mdius describe a triangle similar to 
the triangle ABC. 

6 About a circle of half inch radius to describe six equal circles, 
each touching the given circle and two other circles. 

7. About a pentagon of 1 inch side describe five ^qual circles, each 
touching the pentagon and two other circles. 
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Ratio and Proportion. 

Before attempting to work out the following problems, the student 
should have an intimate knowledge of the Chapters on Ratio and Pro* 
portion in Algebra, and should commit to memory the fbllowing pro^ 
positions of Euclid: --•Book II, 14 Cot\; Booh V, Def, S, Prop, 6 ; Book 
VI, 2, 4, 13. 

Problem 103.— To divide a given straight line AB proportionately to a given 
divided line CD. (Plate XI, Fig. 1.) 

Plfioe the two :,oveti lines parallel to eaoh other. Join CA and DB 
and produce these lines to meet in E. Join each given division in CD 
with E. Those lires will divide AB similarly to the given line CD. 

Problem 104.— To find a mean proportional between two given lines AB and 

BC. (Plate XI, Fig. 2.) 

Place AB and BC in one straight line. On AC describe a semicircle. 
At B draw BD perpendicular to AC cutting the semicircle in D. The 
BD is the mean proportional, or 

AB : BD : : BD : BC. 

Problem 105 —To find a third proportional to two given lines A and B. 
(Plate XI, Fig. 3.) 

Draw any two linos CD and CE making an acme angle with each 
other. 

Make CF C(|ual to A and CD and CG equal to B. Join FG, and draw 
DE parallel to FG. T.ien CE is the third proportional required, or 
CF : CG : : CD : CE, 
i.e, A : B : : B : CE. 

CE is a third pioportional greater. The student should by the same 
method draw a third proportional less. 

Problem 106. -To find a fourth proportional to three given lines A, B, and 0. 
(Plate XI, Fig. 4.) 

Draw any two lines HD and HE making an acute angle with each 
other. 

Draw HF equal to A, HG equal to B, and FE equal to C. Join FG, 
and draw ED parallel to FG. Then QD is the required fourth propor- 
tional, or 

HF; HG: :FE:GD. 
i,e. A : B ; : 0 : GD. 

Problem 107.— To divide a given line AB in extreme and mean Batio. (Plate 

X, Fig.6.) 

Erect BC perpendicular and equal to half AB. Join AO. With 
centre C and radius CB, draw an arc cutting AC in D. With centre A 
and radius AD draw an arc cutting AB in E. 
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Then AB: AE: : AE:EB. 

Problem 108.— To divide a given straight line AB harmonically. (Plate XI, 
Pig. 6.) 

Take any point C in AB and on CB describe a semicircle. Draw AE 
a tangent to the semicircle, and from E draw EF perpendicular to AB. 
Then AB: AC: :BP: FO. 

Problem 109.— To determine the roots \/ 37 V IT v/ 5, 

^“8,“ v/“5r Vlo: (Plato XI. Pig 7 ) 

Let AB equal unity, with A as centre and radius AB describe a 
circle and divide the circumference into six equal parts at the points 
B, C, D, E, F, and G. With centres B and E and radius BD draw arcs 
intersecting at H and J. With C and G as centres and radius CG, describe 
arcs intersecting at K. Join HJ cutting the circumference in L and M. 
With centres L, E, and M and radius AB describe arcs intersecting at 
P and Q. Then AH =s V =3 ^/'T ; PB =s \/ir; 

JK = V”; dk = VT-; HJ = V r; ek = ; pk = V“io. 

Exercises— Ratio and Proportion, 

1. Draw a third proportional to two linos whose lengths are 1’25 
and 1*6 inches. What is its length ? 

2. Find a mean proportional between two lines 2*4 and 3*8 inches 
long. 

8. Find a lino which shall have the same ratio to a line 1*5 inches 
long that 3 inches has to 1*75 inches. 

4. Divide 5'4 inches so that the part.'i maybe to each other in the 

proportion of the numbers 7, 8, 9, 11. ^ 

5. A point P is 2*75 inches from the centre of a circle of 1 inch 
radius. From P draw a line to cut the circumference of the circle in two 
points A and B, so that PA is to AB as 2 is to 3. 

Areas. 

Before working out the Problems on AreaSt the stud^snt should he 
sufficiently advanced in Mensuration and Euclid to he able to proveeach 
Problem, The following Propositions of Euclid should be committed to 
memory :^Book 7, 35, 36, 37, 38, 41, 47 ; Book VI, 1, 19, 20, 31. 

Problem 110. -To draw a triangle ABO equal in area to a given regular poly- 
gon, say pentagon. (Plate XI. Fig, 8.) 

Divide the polygon into a number of isosceles triangles, then the area 
of the triangle required is one with a b^se five times and an altitude equal 
to one of the isosceles triangles, or a base 2J times and an altitude double 
of one of the isosceles triangles. (The problem can also bo worked by 
Problem 123.) 

U 
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Problem 111*— To draw a triangle ABC eaual in area to any given parallel- 
ogram. (Plate XI, Fig. 9.) 

Draw a triangle with a base equal to double the base of the rectangle 
and the same altitude. 

Problem 112 —To draw a triangle ABO of any given area (no figure given). 

Draw a rectangle equal to the given area and a triangle equal to the 
rectangle. 

Problem 113.— To divide a triangle ABC into any number of equal parts by 
lines drawn from one corner 'say three equal parts). (Plate XI, Fig. 10.) 

Trisect one side AB in D and E. Join DC and EC. The triangle is 
now trisected into three equal p irts. (By the same method the triangle 
can be divided in any given ratio ) 

Problem 114. - To divide a triangle ABC into two equal parts by a line drawn 
parallel to the altitude. (Plate XI, Fig- 11.) 

Bisect AB in E. Draw the altitude CD. Finl BF a mean propor- 
tional between BD and BE. Make BH equal to BF. Draw HK parallel 
to DC and bisecting the triangle. 

Problem 115.— To divide a triangle ABC into any number of equal parts by 
lines drawn parallel to one of the sides (say two). (Plate XI, Fig- 12.) 

On AB describe a semicircle. Divide AB into as many parts as it is 
required to divide the tri mgle into. In this case bisect it in D. Draw 
DE perpendicular to AB. With B as centre and BE as radius describe 
an arc cutting AB in F. Draw FH parallel to AC bisecting the triangle. 

Problem 116 — To divide a triangle ABC into any number of equal areas by 
lines drawn from a point P within the triangle, say three equal areas (Plate XI, 
Fig. 13.) 

Divide AC intf/'three equal parts in the points 1 and 2. Join these 
points to P and draw the line PB. Draw BD parallel to P 2 and join 
PD. If we draw a line from B parallel to P 1, it would fall outside the 
triangle. So join B 1. Draw F 1 parallel to AB Join PA and draw 
FG parallel to PA, Join PG. Then PD, PB, and PQ divide the 
triangle into three equal areas. 

Problem 117.— To divide a triangle ABC into three equal areas by three lines 
drawn from the angles meeting at a point P within the triangle. (Plate XI, 
Fig 14.) 

Divide AB into three parts in D and E. Draw DF parallel to AO 
and bisect it in P. Join AP, CP, and BP trisecting the triangle. 

Problem 118 — To draw an equilateral triangle equal in area to a given 
triangle ABC. (Plate XI, Pig. 16.) 

On AB construct an equilateral triangle ADB. From 0 draw CE 
parallel to AB meeting DB produced in E. Find BF a mean proportional 
between DB and BE. Then BF is one side of the required equilateral 
triangle BFG, 
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Problem 119.— To draw a triangle on a given base AB equal in area to a given 
triangle GDE.* (Plate X1| Fig. 16 ) 

Find EF tho altitude of the given triangle. Find a lourth pro- 
portional QH to AB, CD, and EF. Then Blv is the altitude of the 
required triangle having a base AB. 

Problem 120 —To draw a triangle 1 the area of a given triangle ABC- (Plate 
XI. Pig. 17.) 

Produce AB to D making BD c(j[ual to J AB. Find BF a mean pro- 
portional to AB and BD, Make AG equal to BF and draw GH parallel 
to BG. Then AHQ is the required triangle. 

Problem 121.— To draw a triangle equal in area to a given triangle ABC, but 
of a given altitude H- (Plate XI, Fig. 18.) 

Draw EF parallel to AC at a distance from it equal to H. Produce 
GB to cut Elf in G. Join GA. Draw BJ parallel to GA and join QJ, 
Then GJC is the required triangle. 

Problem 122. -To draw a triangle equal in area to and standing on the same 
line as a given triangle ABC, but with its vertex in a point P. (Plate XI, Fig- 
19.) 

Draw BD parallel to AC, Tnrough P draw APD cutting BD in D. 
Join PC. Draw DE parallel to PC cutting AO produced in E. Join 
PE Then APE is th? required triangle. 

Problem 123 —To draw a triangle equal in area to any rectilineal figure 
ABODEP. (Plate XI. Fig. 20.), 

It is best to begin at the ro-eatcring angle. Join DF. Draw EG 
parallel to DF, and join DG aud CG. Draw DH parallel to GG, and 
joint GH. Join GA, aud draw BJ parallel to GA, and join GJ. Then 
JCH is the required triangle. 

Problem 124.— To draw a triangle equal in area to any number of square units 
(say five). (Plate XI, Fig. 21.) 

Make the baso eijual to the given number of units —in this ease five — 
and the altitude invariably two units. 

Problem 125. To draw an equilateral triangle equal in area to any number 
of given square units (say four). (Plate XI , Fig. 22.) 

Make AB equal to four units and draw BG perpendicular to AB equal 
to two units. Make the angle ABH equal to G0°. Draw' CD parallel to 
AB cutting BH in D. Join DA. Find the mean proportional BE 
between AB and BD, Make BF and BG equal to BE. Then BFG is tho 
required equilateral triangle. 

Problem 126.— To draw a square equal in area to a given triangle ABO. 
(Plate XI, Fig. 23) 

Find the altitude CD of the given triangle. Find BE the mean pro- 
portional between the base AB and half thciiltitule DC. This the 
side of the required square. 
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(In the same way a square may be drawn equal in are* to any given 
rectilineal figure, by reducing the latter to a triangle.) 

Problem 127.— To draw a square equal in area to a given rectangle ABOD- 
(Plate XI, Fig 24.) 

Find BE the mean proportional between two sides of the rectangle 
AB and BO. Then BE is the tide of the required square. 

Problem 128.—TO draw a square equal to the sum of two given squares, the 
sides of which are equal to lines AB and BC. (Plate XI, Fig. 25.) 

Draw AB and BC at right angles to each other. Join AG. Then the 
square described on AC is the required square. 

Problem 129.— To draw a square equal to the difference between two given 
squares the sides of which are equal to lines AB and AO. (Plate XI, Fig. 26 ) 

On AB describe a semicircle. With centre A and radius AC cut off 
a point C on the semicircle. Join BC. Then the square described on 
BC is the required square. 

Problem 130.— To construct a square, the area of which shall be any number 
of times greater than the area of a given square ABOD (say six times). 
(Plate XI, Pig. 27.) 

Produce AB and make BE equal to six times AB. Find BF a mean 
proportional between AB and BE. This is the side of the required 
square. 

(If BE were made equal to Jth AB, then we would get a square equal 
to Jth of the given square.) 

Problem 131.— To divide a square ABOP into any number of equal parts by 
lines drawn from an angular point D (say five). (Plate XL Fig- 28 ) 

Divide BC and AB into live equal parts by the points E, F, G, H, J, 
K, L, and M. Join,^D, FD, JD, and LD dividing the square into five 
equal parts. 

Problem 132.— To divide a square ABOD into any number bf equal parts by 
lines drawn from a point P in a side (say three) (Plate XI, Fig. 29.) 

Divide AD into three parts in E and F. Draw EG and FH parallel 
to AB. Join PC and PH. Draw EJ and FK parallel to PG and PH. 
Join PJ and PK. These lines divide the square into three equal parts. 

Problem 133.— ‘To construct a square to contain any number of given square 
units (say three) (Plate XI, Fig i30) 

Draw a line AB equal to three units and BC equal to one unit. Find 
BE a mea n propo rtional to AB and BC. Then BE is the side of the 
required square. 

Problem 134 — To construct a rectangle, with a side equal to a given line A, 
equal in area to a given rectangle ODEF. (Plate XI, Fig. 31.) 

Produce CD to Q. Make DG equal to AB, Join Glf^nd produce 
it to meiit OF produced iu H. Then FH is the height of the required 
rectangle, 
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^blem 135. To construct a rectangle equal in area to a given square ABCD 
and having sides in a given ratio (say three to two). (Plate XI» Fig. 32.) 

Produce AB and make BE equal to three units and BF equal to two 
units. Find BG a mean proportional to EB and BF. Join GE and OF. 
Draw Cfl and CJ parallel to QE and GF. Make BK equal to BJ and 
complete the required rectangle HBKL, which is equal to the given 
square, and the side BH : BK : : 3 : 2. 

Problem 136.— To divide a given parallelogram ABOD into two parts in any 
given proportion (say three to two) through a point P in one of the sides. (Plate 
XI, Fig. 33.) 

Divide AB at E so that AE : EB : : 3 : 2. Draw EF parallel to AL) 
and bisect EF in G. From P draw a line through G meeting one of the 
opposite sides in H. Then PH divides the parallelogram in the requiied 
proportion. 

Problem 137.— To divide a given parallelogram into three parts through a 
point P in one of the sides (Plate XI, Fig. 34.) 

Divide AB into three parts in E and F. Draw EG and FH parallel 
to AD. Make EJ equal to PG and FL equal to PH. Join PJ and PL. 
These lines trisect the parallelogram. 

Problem 138. - To construct a rectangle of area equal to five square units, 
with sides in the proportion of three to two. (Plate XI, Fig. 35. ) 

Make AB equal to five units and BC equal to one unit. Find a moan 
proportional to them in BD. Make BH e<pial to three and BF to two 
units Describe a semicircle on HF cutiing BD produced in G. Join 
GH and GF, and draw DE and DJ parallel t ) them. Then BE and BJ 
are the sides of the required rectangle. ^ 

Problem 139 —To construct any regular polygon equal in area to a given 
triangle ABO, say a pentagon. (Plate XI, Fig. 36.) 

Divide one side AB into five pirls of which AD is one. Make the 
angle BAE equal to the angle at the centre of the required polygon. In 
this case 72°, Draw DF parallel to AO meeting AE in F, Find AG 
a mean proportional between AC and AF, Tnen G is the centre of the 
circle in which the required pentagon can be inscribed. 

Problem 140 —To construct any regular polygon which shall have a given 
area (say a hexagon, with an area of five square units)- (Plate XI, Fig. 37-) 

Make AB equal to five units and the angle BAO equal to the angle 
at the centre of the hexagon, in this case 60°. 

Make the perpendicular height of the triangle ACB two units and 
join CB. Then the triangle ACB ha^ an area of five square units. Make 
AD equal to one-sixth of AB and find DE, a uaean proportional between 
AO and AD. Then DE is the radius of the circle in which the required 
hexagon can be inscribed. 
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Problem 141 — To divide a circle into any number of equal parts by con- 
centnc circles (say four). (Plate XI, Fig- 38.) 

Divide a radius AB into as many equal parts as the circle ts to have 
divisions in this case (four). On AB describe a semicircle and erect per- 
pendiculars to meet ii from each point of division. These points G, D, E, 
give the radii of the circles. 

Problem 142.'-To divide a circle into any number of equal parts, equal in 
perimeter and area (say three). (Plate XII, Fig- 1) 

Divide a diameter AB into as many equal parts as the circle is to have 
divisions (in this cise three) in the points C and D. On AU, AD, CB 
and DB describe semicircles as in the figure. 

Exercises— Arbx^ 

1. Draw by a cmatr notion a square of 5*36 square inches area. 

2. Draw a square equal to the dilferenoe of two squires whose sides 
are 3 ’25 and 1*94 inches. 

3. Describe a rectangle equal in area to a triangle whoso sides arc 
3*5, 1*75 and 2*5 inches respectively. 

4. A right-angled triangle has a base of 2 inches and an area of 2*58 
square inches; construct it, and also a similar one of hall the area. 

5. Draw a square e(]ual in area to a polygon ; side 1*25 inches, 

6. Draw a rectangle on a line 2 iuches long equal in area to a square 
of 2*75 inches side. 

7. Construct an isosceles trimgle with au area of 3 square inches, 
and having a vertic^ 

8. Divide a square of 2 inch as side into thiee equal areas by lines 
parallel to a diagonal. 

9. Within a square of 2 inches side inscribe a square having its 
angles in the silos of the first and its area to the area of the first square 
in the proportion of 2 to 3. 

10. Within a circle of IJ inches radius inscribe a rectangle with 
au area of 2 square inches. 

11. Construct an equilateral triangle with any area of 4 square 
inches. 

12. Coaatruct an equilateral triangle equal in area to the triangle 
given in Question 3. 

13. Construct a square which has an area equal to half the area of 
a given square whose side is 1*75 inches. 

14. Divide the triangle given in Question 3 into throe parts by lines 
parallel to one side. 
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THE SECTIONS OF THE CONE AND OTHER CURVES. 

These problems will be fouud useful to the Student when studying 
^C oiiic Secti ons and QrapjnsJLrithinetic. 

Practical Melfioda. 

The Ellipse is the section* of a cone formed by an oblique plane passing 
through both sides of the cone, ^ 

THBu-EtiUPSE. 

Problem 143 —To draw an ellipse by means of a piece of string, given the 
major and minor axes AB and CD. (Plate XII, Fig. 2 ) 

With centre C and radius equal to the semi-major axis, describe an 
arc cutting the major axis in points Fj and F^. These points are the foci 
of the ellipse. Place pins at F,, F^ and C, and tie a piece of string 
tightly round the three pins. Take the pin at C out, and insert the point 
of a poncil in its pi ice, keeping the string tight and the pencil upright ; 
move the pencil round the foci and its point will trace an ellipse, 

Problevi 144 —To draw an ellipse by means of a paper trammel, given the 
major and minot axes AB and OD (Plate XII, Fig. 3.) 

Cut a narrow strip of a paper with a straight-edge. On this edge 
make EF equal to the semi-major atis and EQ equal to the semi-minor 
axis. This is called a t ramme l, and may be made of paper, wood or any 
convenient material. Place the trammel in such a position over the axes, 
that G shall always rest on the major axis and F on the minor axis. 
Then E is a point on the ellipse. Mark as many points as arc required, 
and complete the ellipse by hand or by a French curve.'* 

Theoretical Methodn, ^ 

Problem 145 — Given the major and minor axes AB and CD to draw an 
ellipse. (Plate XII, Fig. 4.) 

Describe concentric circles on each axis as diameter, and divide 
each circle into any number of parts by radii. From the points where 
these radii cut the smaller circle draw ordinates parallel to AB, and from 
the points where the radii cut the larger circle, draw^ ordinates parallel 
to CD. The points where these ordinates in ersect are points on the 
ellipse which must be completed by hand. 

Problem 146 —Given the major and minor axes AB and OD to draw an 
ellipse. (Plate XII, Fig. 5.) 

Find the foci F, and F^. Between F, and the centre of the ellipse 0, 
take any number of points 1, 2, etc., the distance between the points 
being smaller as they approach F. 

With the f03i for centres and radii A1 and B1 draw arcs intersecting 
at Ej, Ey Ea and E^. With the same centres and radii A2 B2 draw 
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arcs intersecting at 0^, Gj. G^, and G^^a bo on. These are points on the 
ellipse. ^ 

Problem 147. Given any two conjugate axes AB and OD to draw an ellipse. 
(Plate xn, Fig. 6) 

-X^mplete tho parallelogram EFQH. The sides being parallel to 
the conjug'»tc axes. 

Divide AE into any number of equal parts (say four) in the points I, 
2, 3, and the semi-axis AO into the same number of equal parts in 4», 5, 6. 
Join C with the points I, 2, 3. From D through the points 4, 5, 6 draw 
lines meeting Cl, C2 and 08. The points of inter?oclion are points on 
the ellipse. Repeat the process for each quadrant and complete the 
ellipse by hand. 


Approximate Methods. 

Problem 148. ' Given the major axis AB to draw an ellipse approximately 
by arcs of circles. (Plate XII, Fig 7.) 

Divide AB into four equal parts in C, 0 and D. With C and D as 
centres and CA as radius describe circles, and with the same centres and 
radius CD do.scribe arcs intersecting at F and G. 

Draw line^ GO, GD, FC and FD, and produce them till they cut 
the circles in H, J, L and K. From F and G with radius FL, draw arcs 
connecting L with K and H with J which will complete tho figure. 


Problem 149. -Given the major and minor axes AB and CD to draw an ellipse 
approximately by arcs of circles. (Plate XII, Fig. 8 ) 

FromB set off BF equal to CD and divide FA into three equal parts. 
Set of two of these parts on each side of O, the centre of the ellipse, 
giving points Gi and Gj* With G^ and G, as centres and radius Gj, G^, 
draw arcs intersecting at H and J. 

From H and J draw lines through Q^, Gg and produce them. With 
centres H and J and radius HD describe arcs cutting these lines produced 
in N, M. K, and L. With centres G^ and G.g and radius 0^ A draw arcs 
to complete the figure. 

Problem 150. -Given an ellipse to find the major and minor axes and to draw 
a tangent and normal to the ellipse at any given point L. (Plate XIL Fig. 9.) 

Draw any two parallel chords EF and GH and bisect them The line 
joining the points of bisection will be a diameter, and the centre point 
of the diameter O is the centre of the ellipse. With centre 0 draw any 
arc JK cutting the ellipse in J and K. Join JK. A line AB bisecting 
JK at right angles will be the major axis, and a line CD drawn through 
0 at right angles to AB will be the minor axis 

To draw a tangent and a normal, find the fqci F,, Fg. 
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Join L and Fg L and produce the lines to N and M. A line drawn 
bisecting the angle MLF^ is a tangent to the curve at L, and a line 
drawn perpendicular to the tangent at L is a normal to the curve. 

(The method of drawing a normal to any curve is useful for obtaining 
the correct joints in arches.) 

Problem 151. -To construct an oval or egg-shaped figure, the width AB being 
given. (Plate XII, Fig. 10.) 

Bisect AB by the line CD, cutting AB in E, and from E, with radius 
EA, draw a circle cutting CD in F 

From A and B, draw linos through F, an 1 produce them indefinitely. 

Etpm A and B, with radius AB, draw arcs cutting the last two lines 
in H an^G. 

From F, with radius FG, describe the arc GH, to meet the arcs AG 
and BH, which will complete the oval. 

The Parabola. 

The Parabola is a curve formed by a plan? cutting a cone parallel to 
a side. 

Problem 162.— To draw parabola, the focus F and the director AB being 
given. (Plate XII, Fig. 11.) 

Draw the axis CD of the parabola through F perpendicular to AB. 
Bisect FC in E, which is the vertex of the curve. Draw any number of 
lines parallel to AB With F an centre and radii equal to the distance 
of each line from the director AB cut oft’ points on the line which will 
give points on the parabola. 

Problem 153.— The double ordinate AB and abscissa CD being given, to 
construct a parabola (Plate XII, Fig. 12.) 

Divide CA and CB into any number of equal part.s— vis., 1, 2, 3, 4. 

Divided AE and BF into the same number of equal parts. 

From D, draw lines to the points in EA and FB. 

From points 1, 2, 3, 4 in AC and CB, draw perpendi ‘ulard to meet 
the lines drawn from D to the points in EA and FB. 

The curve is to be drawn through the point whore the p.n pendicular 
1 meets Dl, where perpendicular 2 meets D2, etc., etc. 

Problem 154.— To draw a normal and a tangent to a parabola at any given 
point G (Plate XII/Fig. 13.) 

Draw an ordinate BC through C. Make DE equal to DB and join 
EC. This is the required tangent, and the normal will be perpendicular 
to the tangent. 

The Hyperbola, 

The Hyperbola is a curve formed by a plane making a greater angle 
with the base of a cone fhan the side of the cone makes with the base, 

12 
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Problem 155.—(Hven the diameter AB the abedsBa BO and double ordioate 
BE, to construct an hyperbola. (Plate XII, Fig- 14.) 

Through B draw a line pirallcl to DE, meeting the linos, DF, EG 
drawn perpendicular to DE, in the points F and G, 

Divide CD and CE into any number of equal parts 1 , 2, 8. 

Divide FD and GE into the same number of equal parts. 

From B, draw lines to the points in FD and GE. 

Frt)m A, draw lines to the points in DE. 

Draw the curve through the points where the lines correspondingly 
numbered intersect one another. 

Problem 156.— The major axis AB and the foci F| and F, being given to draw 
an hyperbola, and to draw a tangent and a normal at a point P. (Plate XII, 
Fig. 15.) 

In BA produced take any number of points 1, 2, 3, etc. 

With Fj and F, as centres and radius A1 draw arcs at C, and with 
the same centres and radius B1 intersect these arcs obtaining points on 
the hyperbola Proceed in the same way for the remaining points 2, 8 
etc. 

To draw the tangent and normal, join F, P and Pg P, The line 
bisecting the angle PFg is the tangent at P, and a line perpendicular 
to the tangent is the normal. 

Traceuy. 

The preceding problems intelligently applied should enable the 
Student to draw any Architectural tracery or any Ornamental pattern. 
Plate XII, Flij, IG shows the Gothic trefoil, and Fig. 17 and example of 
tracery applicl to a window. 

Arches 

Problem 157 —To construct a segmental arch given the span AB and the 
rise CD. (Plate XII, Fig. 18.) 

Join DB and bisect it by the perpendicular EP' cutting DO produced 
in F, which is the centre of the required arc ADB. 

Problem 158.~-To construct an equilateral arch the span AB being given. 
(Plate XII> Fig. 19.) 

With centres A and B and radius AB draw arcs intersecting at C. 

Problem 159.— To construct a pointed arch (two centres) the span AB and 
the rise CD being given. (Plate XII, Fig. 20.) 

Join DA and DB and bisect these lines at right angles by lines EF 
and GH, cutting the span AB produced in F and U, whi:h aro the 
required centres. 
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Problem 160.— To construct a semi-elliptical arch (three centres) the span 
▲B and the rise CD being given. (Plate XII, Pig. 21.) 

Join AD and make DE equal to AC minus CD. Bisect AE by a 
line at right angles cutting AO lu F and DC produced in G. Then F is 
the centre of the arc AiC and G the centre of the arc KD. Complete the 
arch. 

Problem 161.— To construct a pointed arch (four centres) the span AB and the 
rise OD being given. (Plate XII, Fig. 22 ) 

Divide AB into four ecjual pacts in E, C, F, With centre-? A and B 
and radius AF, describe arcs intersecting at H. Join FH and Ell and 
produce these lines to meet perpendiculars to AB lot fall from E and F, 
in the points K, L. Tiien E and F are centres of the arcs A31 and BN, 
and K and L of arcs ND and MD. This solution only holds good when 
the rise ia ^ of the span. 

Problem 162. -To draw an Ojg§dJLrch, the span AB and the rise OD being given. 
(Plate XII, Fig 23 ) 

Join DA and DB, and divide the lines into any required prop irlion 
in the points E and F. Describe the arcs AE and BF. With centres 
E, D and F and radius ED describe intersecting arcs at G and H. With 
centres Q an I H and ra lius GE complete the curve of the arch. 

Problem 163.— To construct a Saracenic arch (four centres) given the span AB 
and the rise OD. (Plate XII, Fig. 24.) 

Divide AB into eight equal parts. Through points 1 and 7 draw 
lines perpen linilar to AB, and with 3 and 5 as centres and radius 3A 
draw arcs AE and BF cutting the perpendiculars through 1 and 7 in E 
•audF. Join E3 ind F5, and produce those lines* to cut the perpendi* 
culars through 7 and 1 in the points H and Q which are the centre^ for 
the rest of the arch. 

Problem 164.— To construct a semi* elliptical arch given the span AB and the 
rise OD. (Plate XII, Fig. 25 ) 

(i) By five centres — 


Produce DO to E and make DE equal to AB. Make BF equ;il to 
Jbh of AB. With F as centre and radius equal to gths of AB, and with 
E as centre and radius equal to jrds of AB, describe arcs intersecting at 
Q. Join EG and produce it to K, and OF and produce it to H. Then 
F is the centre of the arc BH, G of the arc HK, and E of the arc KD. 

(ii) Proceed as in Problem 147. 


Problem 165.— To construct a Lancet arch, given the span AB. 
Fig. 26.) 


(Plate XII, 


Produce AB both ways to E and F. Make AE and BF equal to AO. 
Then E and F are the required centres. 

If the rise is fixed, the methods shown in Problem 159 can Le used. 
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MOULDINGS. 

Mouldings may bo divided into two classes, lloman-Andr'Gf^ttn, 

Roman mouldings arc ooriipo.^ed only of parts of circles and straight 
lines, aiil arc severe in contour. Grecian mouldings arc composed, as a 
rule, of parts of the ellipse, parabola and hyperbola and are more ornate 
and varied in contour. 

Definitions, 

f\iy L is the rectangular part above or under a moulding. If this 
ends in a convex scinicirclo it is called a Bead. 

Toms, a convex semicircle or semi ellipse with a lillet above or below 
It, as in Plate XIII, Fig. i. 

8cot\a, a concave semicircle or semi ellipse, as in Plate XIII, Fig. 7. 

Echinus ovoto, or quarter round. When the contour of the moulding 
is convex, and a part of a circle equal to or less than a quadrant of a 
circle or part of a oo lii section, as in Plate XIII, Figs. 2 and 7 to 13. 

Gavetto, or hollow, is the reverse of the ovolo, as in Figs. 3 and 4. 

Cyma reversa^ or ogee, a contour half convex and half concave, as in 
Plate XIII, Figs. 6 and 16. 

Gyma recta, or Gyina Hum^ is the reverse of the cyma reversa, as in 
Plate XIII, Figs. 5 and 15. 

Each moulding has its own proper enrichment, for which the enquiring 
Stulent may be referred to Chambers’s treatise on the decorative part of 
Civil Architecture, and other works of a like nature. 

Roman MouiiDiNos. 

Problem 166 — Given the depth of the moulding to draw a Torus- (Plate 
XllI, Fig. 1.) 

Bisect the depth of moulding in a, and draw a semicircle. 

Problem 167.— Given the points a and b draw an Ovolo and a Oavetto. (Plate 
XIII, Figs. 2 and 3 ) 

With centres a and h, describe arcs intersecting at c Then c is the 
centre of the curve. 

Problem 168.— Given the lines terminating in ud a to dessribe a curve to 
meet them, and one of them in the point a. (Plats XDT, Fig. 4 ) 

Produce the lines to meet u d. Make dl equal to da and a and b 
erect perpendiculars iutcrsectiog at c. Then c is the centre of the curve. 

Problem 169.— Given the points a and b to draw a Cyma recta and a Cyma 
reversa. (Plate XIII, Figs. 5 and 6.) 

Join ab and bisect the line in e. On be and ca erect equilateral 
triangles. The apex of each triangle is the centre of the curve. 

Grecian Mouldincs. 

Problem 170.~Given the point of turn or quirk at B and the tangent OF at 
the bottom of the moulding to draw it. (Plate XIII. Figs, 7, 8, 9, 10, 11 and 12.) 
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Draw OF, a coDtinaatiou of the upper line of the under fillet. 
Through B draw BG perpendicular to OF, meeting GF in G, and the 
tangent OF in C. Through B draw BE parallel to GF, and through F, 
draw FEDA parallel to BG, cutting BE iu E. Make EA equal to EF, 
and ED to CG, and join BD. Divide BD and BC into an equal 
number ol parts From A, through the points 1, 2, 3, 4, in BD draw 
lines, and from F, through the points 1, 2, 3| 4t, in BC, draw lines cutting 
the former, which gives points on the curve. 

If C6 be less than one half QB, the moulding will be ELLIPTICAL, 
Figa. 7 and 8. 

If CG be one half QB, the moulding will be parabuLical, Figs. 9 and 

10 . 

If GG be greater than half GB, the moulding will be hyperbolical 
Figs, 11 and 12. 

Problem 171.— Given the semi-transverse and semi conjugate axes to des- 
cribe the moulding. (Plate XIII, Figs. 13, 14, 15, 16 and 17.) 

Complete the rectangle and draw the portion of the ellipse by Problem 
147. 

Problem 172.— Given the depth of a moulding CB and point of guirk at D. 
Describe an Echinus quirked at top and bottom. (Plate XIII, Fig- 18-) 

Make AL equal to DC. Join DL and bisect it iu 1. DL is a dia- 
meter of the required ellipse and it is necessary to find its conjugate to 
draw the ellipse. Draw IH parallel to CB which gives the direction of 
the conjugate. 

With centre I and radius ID describe a sjmicircdc. Draw any 
ordinate to the diameter KE parallel to CB. Through K draw KF 
perpendicular to DL meeiing the soiniciicle in F. Make DP equal to 
KF and PR parallel and equal to KE Join DR and produce it to cut IH 
in H, Then IH is the semi-con jugate diameter, and the ellipse may be 
drawn by Problem 147. 

Orders of Ancient Architecture, 

Ancient Architecture is divided into the following orders Tuscan, 
Roman Doric, Gre^•iaTl Doric, Ionic, Corinthian and Compo.site. 

Fig. 19 gives an example ol the Ionic oider showing the method of 
arranging the mouldings in the columns. 

The scale is drawn in Modules. 

A module is equal to half the diameter of the foot of the column, and 
is divided by French architects into 12 minutes for the Tuscan and Doric 
orders, and 18 minutes for the Ionic, Corinthian and Composite orders. 
In England the module is often divided uniformly into 30 minutes. 
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The most characteristic point to be noted is the Ionic volute, the 
method of drawing whiih will now be given. 

Spiuals 

A Spiral, strictly speaking, signifies a line drawn round the surface of 
a cone, which line is continually approaching nearer to the axis as it comes 
nearer to the vertex of the <Jone. 

It has, however, to be drawn on a plane such as a sheet of paper, and 
may be defined as follows : — 

If round a fixed point another be supposed to move continually, 
approaching or receding from the fixed point, according to some law, the 
figure so described is called a ^^piral. 

If the moving point has gone once round the fixed point, the spiral is 
said to have one rovohuion, and if twin 3 round, it is said to consist of 
two revolutions, and so on. 

The fixed point is called the centre of the Spiral. 

Any straight line drawn from the centre of the spiral and terminated 
by the curve is called an Ordinate. 

If the greatest radius moves uniformly round the centre and at the 
same time uniformly diminishes, so that both motions begin and end 
together, the curve is called the SpiRai^of Arohimedes. (S e PMe 
XlY^Fig.h) 

If the curve be such that if it was everywhere cut by ordinates, the 
angles made by the tangents at each of those points with the ordinates 
are equal, then the curve is called the Logarithmic uR Proportional 
Spiral. {Plate XIV, Fig. 2.) 

Problem 173. -To draw an Archimedian spiral of three revolutions, the 
centre 0 and the greatest ordinate OA being given. (Plate XIV, Fig. 1.) 

Draw two lines intersecting each other perpendicularly at 0. With 
radiuo OA describe a circle. Divide the circumference into any number 
of equal parts (say, eight) and draw lines from each point of division to 
the centre. Divide OA into three equal parts (the spiral having three 
revolutions). Divide each of these parts again into eight equal parts, 
Mark on the radius OB 23 parts, on OG 22, on OD 21, and so on, till the 
centre is reached. The curve drawn through the poin a so obtained is 
the required spiral* 

If a string is twist3l rounl a globe, in regular order, and a pencil 
point fixed to its extremity, in unwinding the string, the pencil point, 
held upright, will describe an Archimedian Spiral. 
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Problem 174.*— To draw a proportional spiral of three roTolutions, the centre 
0 and tlie height AO being given. (Plate XIV. Fig. 2.) 

Tnrough O draw DB perpendicular to AC. Find OB a mean propor- 
tional between OC and OA. Join AB and BC. Through C draw CD 
parallel to AB cutting BD in D, and through D draw DE parallel to 
CB cutting C A ill E. Through E draw EF parallel to DO cutting BD 
in F. Proceed in this way to the end of the last revolution. To find 
any number of intermediate points, bisect the angles AOB, BOC, COD 
and DOE by the lines 31 and 42. Make 01 a m«an proportional betwe.*n 
OA and OB, and 02 a mean proportional between OB and OC. Join 
Al, IB, B2, 2C. Draw C3 parallel to Al, 3D parallel to Bl, D4 parallel 
to B2, etc., that is, each parallel to the line subtending its opposite 
angle. This will give a second set of points, and more may be obtained 
according to the degree of accuracy required. 

If a string be wound round a cylindrical body, one roll outside 
another, the pencil point will dcjcribo' this spiral, the thickness of the 
string determining the greater or less increase of the revolutions of the 
spiral. 

Tnos3 two spirals are not, however, very graceful, and a more attrac- 
tive spiral is that known as the Ionic volute. There are several 
methods among which may be mentioned De Lormi’s, Goldman’s and 
Palladio's, Examples of the fir*>t two methods are given. 

Problem 175.— To draw the Ionic volut e, the total height being given by De 
Lorme’s method. (Plate XIV. Figs. 3 and 4 ) 

Divi le thj to".al heiglit A B into eight pirts. On 3, 4 as diameter 
describe the eye In the ey • place a square with one diameter coincident 
with AB. (See enlarged centre Fofj, 4 ) Bisect ih^ .sides of the square 
ill the points 1, 2, 3 and 4, thus placing a smaller square within the first 
.s([uare. Divide the diagonal I, 3 and 2, 4 each into six equal parts, and 
number the points so obtained as in Fig. 4. These 12 points are the 
centres from each of which a quadrant of a circle may be drawn. 

To draw the inner fillet, divide the distance 1, 5 in Fig, 4 into four 
parts, and mark off one part so obtaiued on the diagonals from each of 
the centres, thus obtaining 12 n ew c entres for drawing the fillet ,^ 

Problem 176.— To draw the l^^vol^, given the diameter of the eye AB, 
and the greatest ordinate or cathS^ Gr, by Ooldman's method. (From Sir W. 
^ambcOT .) (Plate XIV, Figs. 5 and 6.) 

the tus should be half a module and the diameter of the eye Jths^ 
of a module. 

Divide the eye into four equal parts by the diameters AB and DE (the 
operation is enlarged in Fig, 6). Bisect the radii CA and CB in 1 
and 4, and on the line 1,4 construct a square 1,2, 3, 4. From the 
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centre G to the angles 2, and 3 draw the diagonals C2, 03 Divide the 
side of the square 1, 4 into six equal parts at 5, 9, 0, 12, 8. Through the 
points 5, 9, 12, 8 draw the lines 5, 6, 9, 10, 12, 11, 8, 7, parallel to the 
diameter EI> which will cut the diagonals in 6, 10, 11, 7, and the pcinu 
1, 2, 3,4, 5, 6, 7, 8, 9, 10, 11, 12 will be the centres of the volute. 

From the first centre 1, with radius 1, F, describe the quadrant FG. 
From ihe second centre 2, with the radius 2, O, describe the quadrant 
GU. Continue the operation for all 12 centres. The volute should 
finish at the point A. 

Tiie centres for the fillet are found in this manner Construct the 
triangle of which the side AF is equal to the part of the cathetus contained 
between A and F, and the side FV equals Cl. On the side AF place 
the distance FS, from F towards A, equal to the breadth of the fillet 
( “^th of a module). 

Through S draw ST parallel to FV, Then ST is to Cl in the same 
proportion as AS is to AF Place the distance ST on each side of the 
centre C on the diiraeter of the eye AB. Divi le it into three equal 
parts, and through the poiiiti of division draw lines parallel to the dia- 
meter ED which will cut the diagonals Ci, 03 and 12 new centres are 
obtained for the interior contour of the fillet. 






CHAPTER V. 

ELEMENTARY SOLID GEOMETRY, 

The last four chapters have dealt with the representation of plane 
surfaces (having length and breadth only) on a plane surface, such as 
drawing paper. Bub all objects in nature have not only length and 
breadth, but thickness, «o that the points,-, lines, and surfaces of which 
they are composed will nob lie in one piano only, but in various planes. 
Some means are obviously desirable by which these objects may be 
represented on a plane surface, such as drawing paper, in such a manner 
that they can be accurately measured to scale. 

The position of an object in space may evidently be fixed by its rela- 
tion to, or distance from, certain fixed planes. Take two pieces of wood 
fixed at right angles to each other, representing two planes, the position 
of which is known, and let us see how the position of any point in space 
A can be fixed in relation to these planes. Attach two pieces of wire to 
the point A, at right angles to each other and drive them perpendicularly 
in the two pieces of wood. The position of the two planes represented by 
the pieces of wood being known, if the length of the two wires is mea« 
sured, the position of the point A in space is known in relation to the 
two given planes. 

The wires may be taken to be lines representing rays of light 
supposed to be thrown or projected, from every point in the object on to 
each plane. 

These lines or rays are termed " and the planes are 

called the “ P lanAA ni ^roj ectio i.** The outline of the object traced by 
the projectors on the plane of projection is called^ the " Projection ** of 
the object on that plane. jV ^ 

There are three important method^ of projeclion— 

1. Pei^speotive or Natural Projection which will be dealt with in 
detail in Chapter XVI. 

2fote. — A great deal of this ohapter is quoted from tua of Pra pt’oal So lid 

GfliqpQietry for the uso of the Royal Military Academy, Woolwioh, by Oapt R. H. deV ' 
Atkinson, B.S., by kind permission of E. and F. N. Bpon, Limited, 125, Strand, London. 

2. Orthographic or Perpendicular Projection. 

3. Is c^etric Proj ection, which will be dealt with in Chapter IX. 

Perspective Projection is a geometrical method of obtaining on paper 

a drawing representing objects as actually seen by the eye. As all the 
pr ojecto xa or rays of light from every point in the object in 

13 
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the eye, it follows that there must be rlrnhnrtjnnaj the principles of which 
are— 

(a) The lengths in the drawing, of lines of equal length in the 

object, vary with the distance of the lines from the eye. If 
you look down a receding line of railway, in which the 
sleepers are at right angles to the rails, although the sleepers 
are really all the same length, yet they seem to get smaller 
and smaller the further distant they are from the point of 
vision. 

(b) Various lines are more or less foreshortened as they are more 

or less oblique to the plane of projection. 

It is, therefore, impossible to take actual measurements from a 
perspective drawing, and it is to enable this practical^ necessity to be 
carried out that we resort to ^ o 

Orthographic Projection. 

In Orthographic Projection the first distortion mentioned (a^ is got 
over by imagining that the eye is at an infinite distance from the object. 
Then the rays from every point in the object, instead of converging to 
the eye, become parallel to each other and perpendicular to the plane 
of projeotion. In otlier words, the eye is supposed to move into a 
position perpendicular to each point in the object at the same time. 
This is, of course, physically impossible, and it is important to remember 
that an object can never be seen as represented in an orthographic 
projection. Now in Fig. 1, Pltxte XV, wo have the orthographic projec- 
tion of a roctangulai box obtained by projecting the base down on the 
horizontal plane, the eye being supposed tc be above the box (as at A), 
and the exact dimensions of the base of the box can be measured. We, 
however, see that all lines not parallel to the plane of projection are still 
foreshortened (distortion b), those at right angles bo the base being 
foreshortened to a point, and tanbviate this we introduce another plane 
of projection, called the Vertical plane, at right angles to the first or 
Horizontal plane. Shifting the eye to B, we can now make a projection 
on the vertical plane, and by using as many vertical planes as are neces- 
sary parallel to the various sides of the box, we obtain full information 
aa to the size of each side. 

The projection on the Horizontal plane, or H, P., is called a ‘‘Plan,” 
and the projections on the Vertical planes, or V. P.’s, are called ‘‘Ele- 
vations.” 

It may be noted that as the objeot is supposed to be fixed in space 
tbQre can be but one Plan ; but there can be any number of Eievc^tions^ 
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beoaase vertical planes can be erected all round the object and projections 
made on them, the object being viewed from any point required. It 
must be remembered that the object always remains between the 
observer’s eye and the V. P. It is very important to note that as the 
object is in a fixed position, each point will be the same height above the 
H. P. in all elevations. 

In Figa. 1 and 2, y represents the height of the box above the horizon* 
tal plane, and x the distance from the vertical plane. The St u lent may 
now remark that the box is rectangular, and the side being at right 
angles to the base, it is possible to obtain all necessary dimensions from 
the H. P. and V, P. If, however, the object was a pyramid with a 
square base, how would the dimensions of the sloping side bo obtained ? 
Would you take a plane parallel to this sloping side and making an 
angle with the H. P. ? No. It is very important to remember that in 
all oases a V. P. and an H. P. are at right angles to each other. In this 
case the pyramid would be rotated on one edge of the base till the slop- 
ing side was vortical, and a projection would then bo made on a V. P. 
parallel to it, and the necessary dimensions obtained. This will be dealt 
with in detail further on. A practical difficulty now occurs. The object 
is to be represented on paper, but it is not possible to keep bending the 
paper up at right angles to get the V. P. Suppose the two planes in Fig. 1 
are hinged, and that the vertical piano is allowed to drop back a quarter 
of a circle till it lies in the simo plane with the horizontal plane as shown 
by dotted lines. Viewed from the front the b vo planes will bo as repre- 
sented ia Fig. 2. The bvw) projections x’emain as bi^foro, except that they 
are now in one plane, and it can be seen that each point in plan ia 
exactly under the corresponding point in elevation. 

It will be shown in Problem 177 how to go to work in practice to geb 
the two projections of the box on one plane, such as a sheet of drawing 
paper, but before doing so it is necessary to give a few definitions and 
rules for lettering, 

De/initiona. 

A PlaK is bho orthographic projection of an object on the horizontal 
plane or H. P., which is represented by the drawing paper. 

An Elevation is the orthographic projection of an object on any 
vertical piano or V. P. 

A Section is the representation of the surface that would bo exposed, 
suppos>i]Sgl*he object to bo cut by a plane passing in any required direction. 
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This imaginary cutting plane is usually vertical, and every part ot 
the solid between the eye and the cutting plane is assumed to be removed. 

The P bofil e of an object is a section made by a V, P. cutting the 
object in a direction perpendicular to its length. A profile shows the true 
breadths, and is the only section that does so. 

A Co^rjQUR is the plan of the intersection of a surface by a horizontal 
plane. 

If it is required to draw the plan and elevation of an object in a certain 
position, it may sometimes be necessary to draw plans and elevations of 
the object in other positions first, in order to obtain the required projec- 
tions. These plans and elevations are called “ Auxiliary "or ‘‘ Construc- 
tive." 

ItuUs for Lettering Drawings. 

It is essential in the more complicated problems to letter distinctly 
each point in plan and elevation, and, moreover, to do so in a systematic 
way. The Student should get into the way of doing this by never drawing 
anything, however simple, without lettering it. 

1» For all original points in space use capital letters. A, B, C, eto. 

2. An original point A, etc., will have a plan a and an elevatio n a'. 
If more than one plan be drawn, the corresponding points will be lettered 
as. etc., if moi*e than one elevation a", a'", etc. 

If a point in plan represents two points in the object (as the point -i 
in Fig. 8, Plate XV), and consequently has to be marked with two letters, 
put the letter representing the point nearest your eye above the other 
letter. Deal in the same way with a point in elevation representing two 
points in plan (as the point ^ in Fig* 9, Plate XV). 

These letters should be printed in black italics /oths of an inch high. 

8. Given lines to be thin continuous black lines. 

4* Resulting projections to be shown in thick CONTINUOUS BLACK 
LINES. 

5. All construction lines and projectors to bo FINE COMMON dotted 
Lines. In a finished drawing, only the outer projectors need be shown. 

6. All auxiliary elevations and plans to be chain-dotted. 

7. Elevations projected from plans, except auxiliary elevations, to be 
shown as " results " or new \iews of the object, 

8. The intersection of the co-ordinate planes, commonly called the 
XY line, to be invariably marked with the letters XY in block capitals 

of an inch high. 
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Problem 177 — To draw the plan and elevation of a rectangular box. x inches 
long) y inches wide^ and z inches high) when one of the long sides makes an angle 
of SO'* with the V- F, and one of the faces obod lies in the H F- (Plate XV, Fig. 3-) 

Draw the plan of the box, which will bo a rectangle x inches long and 
y inches wide. Draw a line representing the hinge of the V. P. making 
30® with the plane one of the long sides. Now this line represents 
both the plans of the V P. and the elevation of the H. P. It is com- 
monly called the ‘‘XY line,” the “ground line” or the “datumjine.*' 
Each angular point in the plan actually represents two points in, the 
box, viz , the top and bottom corners. Letter them a, 6, c, d, represent- 
ing the bottom of the box, and c, /, gr, h, representing the top of the box. 
From each of those points draw p rojec tors at right angles to the XY 
line. As the base of the box rests on the H. P. o, h, e, d, must, iu eleva- 
be in the XY line, and can be lettered a', b\ d\ Draw a line 
parallel to the XY line at a distance from it equal to the height of the 
box (z inches). Continue the projectors till they cut this line, and letter 
the points obtained g' h* representing the top of the box. The 
result is the required elevation. 
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ELEMENTARY PROJECTION OF SOLIDS. 

A Solid is that which has length, breadth, and thickness (Euclid, 
Book XI, Def. 1) 

Geometrical solids may be classed— 

1. Reguj^ tgJiolids which are contained by equal and regular surfaces. 
Each of them can be inscribed in a sphere, and all their regular points 
are equidistant from the centre of the sphere. It can be proved chat five, 
and only five, solids can fulfil these conditions. These are — 

(i) The Tetrahedron, contained by four equal and equilateral 

triangles. (No. 1, Plate XV, Fig» 4.) 

(ii) The Cube, contained by six equal squares, (No. 2, Plonte 

XV, tig, 4.) 

(iii) The Octahedron, contained by eight equal and equilateral 

triangles, (No. Ji, Plate XV, Fig, 4.) 

(iv) The Dodecahedron, contained by twelve equal pentagons, which 

are equilateral and equiangular, (No. 4, Plate XV, Fig, 4.) 

(v) The Tebsahedron, contained by twenty equal and equilateral 

triangles. (No. 5, Plate XV, Fig. 4.) 

L Solids-x^f-Eevolution, three in number— 

(i) The Sphere. (No. 1, Plate XV, Fig. 5.) 

"(ii) The Gone. (No. 2, Plate X.V,Fig, 5.) 

(iii) The Cylinder, (No. 3, Plate XV, Fig. 5.) 

3. Pfiama which^are solids having two parallel polygonal ends, equal 
in size and shape. The sides which unite these ends arc parallelograms. 
If these sides are perpendicular to the ends, the solid is a right priem^ 
Prisms are called after the shape of their ends. Thus, if the solid has 
a pentagonal base it is called a pentagonal prism. (No. 4, Plate XV, 
Fig. 6.) 

4. Pyr-amida^ which are solids having one polygonal base. From 
each of the angles of the base a series of edges converge to a point called 
the apex. If the line drawn from the apex to the centre of the base is 
perpendicular to the base, the solid is a right pyramid. Pyramids are 
named in the same way as prisms. (No. 5, Plate XV, Fig. 5.) 

The object of the exercises in this chapter is to give a Student the 
groundwork of knowledge which will enable him to produce projections 
of objects he may meet with in his daily work as an Engineer, in how 
ever complicated or difficult position they may be. placed. 
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Solids are assamed for purposes of drawing to be transparent, and the 
invisible edges are represented by dotted lines. It is sometimes a matter 
of difficulty to the beginner to decide which lines should be continuous 
and which dotted. 

If you are projecting an elev^ition from a plan, try and imagine that 
the V. P, actually rises from the XY line at right angles to the H. P, 
Get your eye down, and look at it with the object placed in imagination 
between you and the V. P. 

The lines of the solid represented in the plan by lines nearest your 
eye will be continuous in elevation, and those further away or behind the 
solid will be dotted. 

In the same way, if you are projecting a plan from an elevation, 
imagine you are looking perpendicularly down on to the object from a 
point above it. Those lines which are uppermost in elevation will be 
continuous in plan, and those nearest tho XY lino in elevation, which 
represent lines in the object which cannot be seen from above, will be 
dotted in plan. 

Although in many cases the easiest method of obtaining the required 
projections of a solid will only be recognized by the light of experience, yet 
all the more important positions can be grouped in the following cases : — 

Qa%e 1. One face in or parallel to the H. P. 

CfkBt 2. One edge of a face in or parallel to the H. P., the inclination 
of one of the faces containing that edge being given. 

Case 3. One edge of the base in or parallel to the H. P., the inclina- 
tion of the base being given. • 

Case 4. One point in or in a plane parallel to the H. P., the inclina- 
tion of the edge or diagonal passing through the point being given. 

Cose 5. The inclination of one face, and of a line in that face being 
given. 

Case 6. The inclination of two edges or diagonals being given. 

Cass 7. The inclination of two adjacent faces being given. 

Only the first four cases will be dealt with in this chapter. The 
remaining oases require some knowledge of tlie projection of Lines and 
Planes, and are dealt with in Part II, Chapters XI and XII. 

Case I. 

One face in or parallel to the H, P. 

Problem 178. -To draw the plan and elevation of a tetrahedron (1 inch 
side), when one face rests in the H. P-, and to find the true size of its sloping 
•idas. ^lateZV,Fig8.6,7,8.) 
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The required plan is the equilateral triangle aho of 1 inch side* The 
centre of the triangle d is the plan of the apex. {Fig* 7.) 

To obtain the elevation project each of the points a, 6, c, up to the 
XY line. We must now find the height of the tetrahedron. By 
examining Fig, 6 it will be seen that the inclined edges of the solid are 
really equal in length to the edges of the base, being each sides of equal 
equilateral triangles. It can further be seen that their length in plan is 
the distance from the angles of the base to the plan of the apex. If a 
right-angled triangle is constructed with A(£, the foreshortened plan of 
an inclined edge AD as base, and the real length of the inclined edge 
AD as hypotenuse, then the perpendicular dD represents the height of 
the solid. 

In Fig* 7 the plan of the solid with one face resting in the H. P. has 
been obt lined. On ad as base erect a perpendicular dl. With centre 
a and radius ac cut ofi on this perpendicular a length ai equal to ac. 
The required right-angled triangle is now obtained, and dl is the height 
of the tetrahedron. Set it off on the prqjcc^r from d and complete the 
elevation. 

We have already lemarked, on page 106, that in order to obtain the 
true measurements of a sloping face of an object, w^e must obtain an 
elevation of the object on a V. P. at right angles to cne edge of the face, 
and then, using that edge as a hinge, rotate the elevation till the face is 
perpendicular. In this case, Fig, 8, obtain the elevation of the solid on 
a Y. P. at right angles to the edge ch* Rotate the elevation till the face 
cdb IS vertical. To *prevent confusion this elevation has been moved to 
one side and is a" d" c” h*. From this project down a plan. Then from 
this plan project up an elevation on an XY line parallel to the face cdb, 
and we obtain the true measurements of a sloping face, which is of course 
an equilateral triangle of 1 inch side. This system of " rotating ” is 
most important, and should bo thoroughly grasped, and will again be 
referred to later on. 

Problem 179. -To draw the FlaxLEadAteyation of an octahedron when lying 
with one face in the H. P. (Plate XV, Fig. 9.) 

This IS a good example of the Inethod of obtaining the plan nnd ele- 
vation required by means of an auxiliary plan and elevation. ^ 

The Student must, in the case of every problem, examine the data,*^ 
and see what is the easiest thing to draw first to obtain the required 
result. 

In this case take a model of an octahedron, and place it with one 
diagonal vertical. We see then we can draw its plan which is a sejuaro. 
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Its eleyation can also be projected, as the height in this position is equal 
to the diagonal of the square abed. 

This eleyation, however, must be drawn on an XY lino perpendicular 
to one of the sides of the square, because we must rotate the elevation 
so that the octahedron lies with one face in the H. P. 

Rotate the elevation, so that each point moves in a plane parallel to 
the V. P„ keeping the point e' fixed till the face s' h' c* rests in tho XY 
line. This is an elevation of the solid in the required position. Drop 
pr^ijactors from each point in tho elevation, and draw lines parallel to the 
XY line from the corresponding points in the auxiliary plan to meet 
these projectors. Join the points thus obtained. The result is a plan of 
the octahedron with the face 6', <?’, lying in the H. P,, and is a regular 
hexagon. 

Case II. 

Ont edge of a face in or parallel to the H. P., the inclination of one 
of the facet containing that edge being given. 

When the base is at right angles to the faces, as in a right prism, tho 
easiest thing to draw first will be an auxiliary elevation of the base, so 
that the elevation of tho face of which the inclination is given is repre- 
sented by a line. Draw the XY lino making tho given angle with this 
line, and project the solid. When the base of the solid is not perpendi- 
cular to the faces as in the octahedron, pyramids, etc., tho method given 
for Case III must be employed. 

Problem 180.— A pentagonal prism rests on one long edge which is 2 inches 
long. The inclination of one of the faces containing that edge is 25^. The sides 
of the base are 1 inch long. Draw the plan. (Plate XV, I^. 10 ) 

Draw an auxiliary elevation of the base which will bo a pentagon of 
1 inch side. Draw an XY line making 25^ with one of the sides. 
Project down the plan. 

Case III. 

One edge of the base in or parallel to the H. P., the inclination of 
the base being given. 

In this case we must first draw an auxiliary plau of the solid resting 
on its base in the H. P. Project up an auxiliary elevation of the solid in 
this position, on an XY line at rightjirhglea to the plan of the edge of the 
base on which the solid is to rest. The base is now represented in this 
auxiliary elevation as a line, and the edge of the base on which the solid 
is to rest by a point. Keeping this point fixed as a pivot, rotate tho solid 
till the elevation of the base makes the required angle with the XY liuc 
(representing the H. P.). 


14 
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The solid is now in the required position and its projections can be 
obtained. 

This is a most important principle^ and should be tried with various 
solids till the Student thoroughly grasps it. It must be clearly borne in 
mind ihat the auxiliary elevation must be made on an XY line at right 
angles to the plan of the edge of the base on which the solid is to restf 
this edge being used as a hinge. 

Problem 181.— The letter F is 1 inch high and 1 inc h in section. The top and 
lower arms are i inch apart, and the former projects i.inch. Draw the projec. 
tions of the solid when the letter rests on the edges of the base and projecting 
arms. (Plate XV, Pig. 11.) 

According to the instructions given above, first draw an auxiliary plan 
and elevation of the letter resting on its base, on an XT line at right 
angles to the edge of the base on which it is eventually to rest. Now 
rotate the auxiliary elevation on this edge as a hinge till the projecting 
arms lie in the XY line. Then project down the plan. The elevation is 
moved to one side in Fig* 11 so as not to confuse the plans. 

Case IV. 

One point in or in a plane parallel to the H* P., the inclination of 
the edge or diagonal passing through the point being given* 

The method to be followed in dealing with this case is the same as in 
Case III, with the following important difference. The XY line must be 
drawn parallel to the plan of the edge or diagonal of which the inclination 
is given. The point on whioh the solid is to rest will now be the hinge. 
The XY line being parallel to the plan of the edge or diagonal of which 
the inclination is given, that edge or diagonal will now move in the V, P. 
The elevation must ''be rotated till the given edge makes the required 
angle with the H. F., and the projections can then be drawn. 

Probleml82.-Draw the plan of a siiaare pyramid (1 inch side and 1 inch 
height), resting on one point in the H. P., an edge passing through that point 
being vertical. (Plate XV , Fig* 12.) 

Let it be required that the edge ce shall be vertical. First draw an 
auxiliary plan, project up an auxiliary elevation on an XY line parallel 
to the plan of the edge ce, keeping the point c, on which the solid is to 
rest, as a pivot, rotate the auxiliary elevation till the edge c^e" is verticaii 
Project -down the plan. The elevation is here again moved to one side, 
in order that the plans may not be confused. ^ ^ ^ 

Solids of Beyoddtiok. • " 

The only point of di6Sculty likely to arise in the projection of solids 
of revolution is the projection of a circle when the plane containing the 
circle makes an angle with one or other of the planes of projection, 
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If the plane containing the circle is parallel to the V. F., the plan will 
be a straight lino parallel to the XY line, and equal in length to the 
diameter, and the elevation will be a circle. If parallel to the H. P. 
the plan will be a circle and the elevation a straight line. 

If the plane containing the circle m^kea an angle with either plane of 
projection, one projection will be a straight line equal in length to the 
diameter, but inclined at the given angle to the XY line ; the other pro- 
jection will be an ellipse, the major axis of which is (3quil to the diameter 
of the circle, and will be the projection of bhit diameter which is parallel - 
to the plane of projectioi, The direction of the minor axis will vary with 
the conditions, but having obtained that diameter, whose projection is the 
major axis, the minor axis can be obtained by finding the corresponding 
projection of the diameter at right angles to it. Tne major and minor 
axis being fixed, the ellipse can be drawn by any of the methods given in 
Problems 145, 146, etc., or by the method given under Case IV, as in 
the following example. 

Problem 183- --Draw the proj^tm^ of a circle inches diameter, when 
the plane containing it is perpandicular to the V. P., bat makes an angle of 45® 
with the H. P. (Plate XVI, Pig. L) 

This problem can be treated under Case IV. First draw an auxiliary 
plan and elevation of a circle parallel to the H. P. and perpendicular to 
the V. P. The plan as explained above will be the circle aobd, and the 
elevation a straight line a' 6' equal in length to the diameter of tho circle, 
(The auxiliary plan is shown in continuous lines in this case to sh(|v^ the 
points of contact with the proj^ors more clearly.^ 

Divide the elevation a' b' into any number of points 1', 2', 3', etc., and 
project these points down to the auxiliary plan. With the point a' as 
pivot, rotate the elevation into the required position a" b" making an 
angle of 46® with the H. P. Project down each of the points 1", 2*^, 3", 
and the points where these projectors meet linos, drawn parallel to tho XY 
line, from the points where the projectors from 2\ 3', etc., cut the 
auxiliary plan, are points on the required plan, an ellipse. 

Problem 184 — Draw the proj^tipns of a cone (diameter of base U inches, 
height li inches) when the base is inclined to the H P. at 30®. Also a second 
elevation on a V- P- inclined at an angle of 60® to the original V. P. (Plate XVI, 
Pig. 2.) 

The first plan and elevation required can be drawn by Problem 183. 

To get the second elevs^tion, draw an XY line making 60® with tho 
first XY line. Project up from the plans of the extremities of tho major 
and minor axes. Measure above the new XY line the heights of tho 
oorrosponding points above the first XY line. 
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The lines joining the points thus obtained will be oonj[a£a|d. axes of 
the second ellipse, which is the elevation of the base of the cone in the 
required position. 

From the points 1, 2, 3, etc., on the plan, draw projectors to the second 
XY line, marking on them heights above the XY line, equal to the heights 
of the elevations of the corresponding points above the first XY line. By 
this means a number of points 1", 2*, etc., on the new ellipse are obtained, 
and it can be drawn. If the parallelogram fhjg is drawn about the 
plan of the base of the cone, and its angular points are projected up to the 
new elevation, the parallelogram f*h” is obtained. The ellipse must 
lie in this parallelogram, and must touch it in the points a'' o'' IT e^", 
which are the extremities of the conjugate axes. 

Examples. 

1. Draw the projections of a cube (1 inch side) one face of which is 
inclined at 35° to the H. P., and an adjacent face being parallel to the V. P, 

2. Draw the projections of a cube (1 inch side) one face of which is 
inclined at 35° to the H. P. and an adjE^genJLfftCO at 45° to the V. P. 

3. Draw the projections of a hexagonal prism (| inch edge of base, 2 
inches length), the axis of which is inclined at 65° to the H. P, 

4. Draw the projections of a p 3 ntagonal prism (f inch edge of base, 
2 inches length), the base of which is inclined at 25° to the H. P. and 
one face at 18 ° to the V. P. 

5. Draw the projections of an octahedron (I inch side) with one edge 
resting in the H. P., and the face containing that edge inclined at 20° to 
the H. P. 

6. Draw the projections of a pentagonal prism (edge of base } inch, 
length 2 inches) resting on one edge of the base, the face containing 
that edge inclined at 30° to the H. P. Also an elevation on a V. P, 
making 20° with the plan of the edge. 

7. Draw the plan of a cube when one of its diagonals is vertical (edge 
IJ inches). 

8. Draw the projections of a square prism (height 2 inches, breadth 
1 inch) when a diagonal of a face is horizontal and it is resting with one 
of the shorter edges in the H. P. 

9. The letter T is f inch in section, the projecting arms are half the 
length of the stem, which is 2J inches long. Draw the projections when 
oncfiico of the stem is inclined at 45° to the V. P., and an edge of that face 
is inclined at 30° to the H. P. 

10. A hollow cylinder (height 2J inches, diameter 2 inches, diameter 
of hole 1 inch) stands on one end and supports a sphere of 2} inohea 
diameter. Draw the projection. 
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11. Four spheres (1 inch diameter) lie on the ground in a pyramid. 
Draw their projections. 

12. Draw the plan of a cylinder (radius of base 1 inch, length 3 inches) 
resting on a point in the edge of the base, which is inclined at 30° to the 
H. P.', also an elevation when its axis is inclined at 40® to the V. P, 

13. The upper face of a cube (IJ inches edge) forms the base of a 
regular pyj^mid (2 inches high). One edge of the cube remote from the 
pyramid is in the H. P., and the vertex of the pyramid is 2 inches above 
the H. P. Draw an elevation of the compound solid on a V. P. parallel 
to one of the slant edges of the pyramid. ^ 

14. Draw the plan of a double pentagfinal pyramid, consisting of two 
right pentagonal py ramid s each of the following dimensions Side of 
base IJ inches, height If inches, the line joining their vertices being 
inclined to the H, P. at 35°. 

15. A hex^onal prism (height 2 inches, edge of base 1 inch) supports 

a tetrgliedron, three of whose corners rest pn thicie of the top corners^ 
of the prism. Draw the projections. ^ S 

16. Draw the projections of an ocbahedr£j;n^(lJ inches side) when an 
axis is inclined at 60° to the H. P. and one edge at 30° to the V. P. 

17. Draw the projections of a tetrahedron ( 2 inches edge ) when one 
of its faces is vertical. 

18. A cylindrical bolt (J inch diameter, 1 inch height) has a hexa- 
gonal nut (edge of base 1 inch, thickness J inch ). Draw the projection 
when the axis is inclined at 30° to the H. P., and one side of the nut 
makes an angle of 20° with the V. P. 

19. A cylinder ( 3 inches long, diameter 2 inches ) lies on its side in 
the H. P., with its axis inclined at 30° to the V. P. A hoop 3 inches 
diameter lies with one point touching the edge of the base of the cylinder 
and in a plane perpendicular to the V. P., and making 30° with the H. P» 
Draw the projections, 

20. A rectangular block of wood (5" x2"'xl") rests on the H. P., 
its long side parallel to the V. P. A cylindrical ruler 3 inches long rests 
on and at right angles to the block, one end resting on the H. P. and 
1 inch projecting over the block. Draw the projections. 

21. Draw the projections of a hollow octagonal prism under tho 
following conditions : — 

Axis of prism inclined at 30° to the H. P., and 45° to the V. P. 
Length of prism 6 inches, side of octagon IJ inches, diameter of hole 3 
inches. The lower end of the prism to bo to the front. 

Norp. -Scale for all the questions, full size, 



CHAPTER VII. 

SECTIONS OP SOLIDS. 

In most Engineering Drawings, unless of a very simple nature, tbe 
plan and elevation alone will not give sufficient information to enable tbe 
object to be constructed. It will usually be necessary to have details of 
tbe interior arrangements, ihe design, thickness, etc., of walls, floors, 
beams, etc. These details are obtained by means of sections. 

If the object is cut into two portions and tbe portion nearest the eye 
removed, the form of the freshly cut surface is called a ** Section'^ The 
plane by which the object was out is called the “ Secant Plane.** If any 
portion of the exterior of the object can be seen in elevation or plan as 
well as the section, ao3ording as the secant plane is Vertical or Horizon- 
tal, the result is termed a Sectional Elevation ** or a “ Sectional Plan/' 

The Secant Plane may be either — 

1. Perpendicular to one plane and parallel to the other plane of 
projection. 

This is the section most useful in practice, as it gives the true form 
of the section from which actual measurements may be taken. 

2- Perpendicular to one plane and inclined to the other plane of 
projection. 

The section thus obtained is of little practical use, as it does not show 
the true form of the section ; but the latter can be readily obtained by 
using a new XY line parallel to the secant plane, as shown in Problem 
188. 

3. Inclined to both planes of projection. 

The sections obtained are seldom of any practical use, and will not be 
dealt with in this chapter. 

A section by an inclined secant plane is more useful as an academical 
exercise than for any other purpose, as it does not show the true shape 
of the object. To obtain the true ah^pe, the plane of projection muat he 
parallel to the 

The simpler oase^ of intersections of planes with solids and the re- 
sulting sections will only be treated of in this chapter, 
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SoctionB hy planes perpe^idioular to one and parallel to the other 
plans of projection according to the condition given. 

The secaat piaae is represented in plan or elevation by a line, called 
the Section Line, usually represented by the letters LM. The problem 
is usually stated thus~^' To draw a section or sectional plan or elevation 
of a given object on a line LM.** This means that it is required to 
show the section or sectional plan or elevation of the object made by a 
horizontal or vertical plane LM. 

It must be remembered^ firstly, that the XY line must be drawn 
parallel to the section line if it is required to obtain the true form of 
the section ; and secondly, that the portion of the object between the 
observer's eye and the secant plane is assumed to be cut olf and removed. 
No part of it, therefore, can possibly appear in the result. 

Problem 185 — The plan of a tetrahedron ( 1 inch side ) is given, one face 
resting in the H. P-, and one edge making 15** with the V. P. Draw a section on 
a line parallel to the V P and i inch from the nearest corner of the plan of the 
tetrahedron- (Plate XVI, Fig- 3 ) 

Draw tho XY line making 15*^ with the edge ab, and LM, the section 
line, parallel to the XY line and half-inch from tho point c. Projeoii 
up the elevation. Mark each point whore LM cuts each edgo of the plan 
of the tetrahedron by numerals, going round the solid upwards from 
left to right* (It is most important to follow some principle in this 
lettering, as in more intricate figures it is easy to get confused.) Now 
LM cuts ac in 1. Project up from one till the projector cuts a'c' in 1', 
LM cuts dc in 2. Project up from 2 till the projector cuts d'e' in 2^ 
JJo tho same for 3. In the elevation join the points i', 2', 3^, and tho 
result is the required section, showing tho true sfiiape. As only the 
section is asked for, nothing else should appear in the result, but to show 
the working, the rest of the solid is shown dotted. Tnis would, however, 
be shown as a result *’ if a sectional elevation had been asked for. 

Problem 186 — A pentagonal prism ( I inch edge of base, U inches long ) rests 
with one edge of the base in the H. P- and perpendicular to the V. P.> the side 
containing that edge being inclined at 20^ to the H P- Draw a sectional plan 
on a line LM about 1 inch above and parallel to the H. P. (Plate XVI , Fig. 4* 

In the same way as in the last problem, number consecutively each 
point where the section line cuts an edgo of tho solid in elevation, going 
round the solid from left to right. Project each point down ou to the 
plan of the oorresppnding line and obtain the section as shown in Fig. 4. 

Problem 187 — ^A cylinder ( base 1 inch diameteri height 2 inches ) has its 
axis parallel to the V-P- and rests on a point of the edge of the base in tho H- P- 
The base is inclined at 60"' .to the H. P. Draw a sectional plan on a line LM, 
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parallel to the H P., and passing through the comer of the upper base of the 
cylinder as shown in elevation. (Plate XVI t Fig. 5.) 

On one end on the base in elevation, draw a semi«cirole. Draw any 
number of generators as a' a', 6' 6', etc., and produce these to meet the 
circumference of the semi circle in ifc', J', etc. 

Figure each point where the line LM cuts a generatrix with the 
numerals 1', 2', 3', otc., and project these points down on to the plan of. 
the axis of the cylinder. LM cuts r' v' in 1'. Project down 1' on to the 
plan, and mark the point, obtained 1. LM cuts a' a' in 2', 6' 6' in 3', 
etc. Project each' point down to the axis and lay off on each side of the 
axis the heights a' /t', 6' etc., obtaining the points 2, 3, etc. The 
completed section is an ellipse. 

Sections by planes perpendicular to one plane and inclined to the 
other plane of projection. 

The procedure in this case is exactly the same as that already described. 
Great care should be taken to number the secant points consecutively, 
going roiiod the solid from left to right. The result, however, does not 
show the true form of the solid, and to obtain this a second elevation 
must be made on an XV line parallel to the secant plane. 

Problem 188. An octahedron (lineb side) lies with one face in the H P. 
Draw a sectional elevation on a line liM making an angle of 45** with the V- P. 
Also show the true shape of the section. (Plate XVI, Flg> 6 ) 

Draw the elevation. Number the secant points in plan, in accordance 
with the principles laid down, and obtain the sectional elevation. The 
left hand portion of the soliil as shown in dotted lines in the elevation 
should not appear at all, and is only shown so that the construction may 
be followed easily. 

To obtain the true form, draw an XY line parallel to LM, Project 
up each of the secant points 1, 2, 3, etc. Now as the same point in every 
elevation of an object will always be the saino height above the XY line, 
the height above the XY line of each point 1". 2", b", etc., can be obtain- 
ed by measurement from the first elevation, and the true form of the 
section obtained. 

Problem 189.— A hexagonal pyramid ( l inch edge, Ik inches height ) rastg on 
its base in the H- P. Draw a sectional elevation on a line LM parallel to 
an edge of the base, and also show the true form of the section. (Plate XVI 
Pig. 7.) 

This example is worked in exactly the same way as the last, and is 
only introduced to show (in the next problem) that the section of a cone 
can be obtained by considering the jeone a pyramid of an infinitesimal 
number of sides. 
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Problem 190 — A cone ( diameter of base 1*4 inches, height li inch ) rests on its 
base in the H. P. Draw a section on a line LM making 22° with the V- ?•> and 
show the true form of the section. ( Plate XVI, Figs- 8 and 9 ) 

Method I. — Regard the cone as a pyramid with an infinitesimal num- 
ber of sides, and proceed as in last problem. Draw the projections of 
any number of generatrices ha, hb, he, etc. Project up the point where 
LM cuts the plan of each generatrix, till the projector cuts the elevation 
of the generatrix. These will give any number of points on the curved 
outline of the section. 

Method II.— Regard the cone as composed of any number of concentric 
circles of various size. 

Draw the plans of these circles and project up the points a, 6, c, where 
they cut the plans of the outside genoralricei, vs and vk, to the elevations 
of the generatrices, obtaining the points a h c. Through a', h* , ilraw 
lines parallel to the XY line. 

These lines are the elevations of the circles of which the plans have 
been drawn ; and the points where the section line LM cuts the plans of 
the circles, viz., 1, 2, 3, etc , may be projected up to the corresponding 
elevations and the points 1, 2, 3, on the curve obtained. The vertex of 
the parabola is obtained by drawing a circle a, 4 to touch the line LM. 
The true shape of the section may be aov obtainel in the usual way by 
taking an XY line parallel to the S3cant plane. 

Problem 191.— A cone (diameter of base 1 inch, height li inches) rests on its 
base in the H- P- Draw the sectional plan made by a plane perpendicular to V- 
P., and parallel to one generatrix* Show the true shape of the section. 
(Plate XVI, Fig. 10.) 

Proceed by the method shown in Method II, Problem lyO. Draw 
the plan and elevation of any number of concentric circles a, h, c, etc. 
Project down on to the plan of each circle the point where LM cuts the 
elevation and obtain the required sectional plan. 

To obtain the true shape strictly in accurdanes with the “ Principle of 
Rotation ” as laid down ou page 113, we should now rotate the elevation, 
keeping the point fixed as a hinge till the line LM rests in the H. P., 
and obtain the true shape of the sestion by the method used in Problem 
181, This, however, is a cumborsomo method for the more advanced 
Students, who should now have grasped the principle. Take a line /q a, 
parallel to LM to represent ha in its new position. Project down from 
1', 2', 3', etc., on to h^ a^ and lay off on each side of s, the distances 
1, 2, 3, etc., from ha in the plan. The results arc points on the curve 
showing the true section, a parabola. 

15 
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Exercises. 

1. A cube (1 inch edge) rests on one face in the H, P. with one face 
inclined at 20® to the V. P. Draw a sectional elevation on a line passing 
through the centre points of two adjacent edges of the base. 

2. A pentagonal prism (edge of base 1 inch) rests on one long edge 
(3 inches long). The inclination of one of the faces containing this edge 
is 20®. Draw a sectional elevation on a line passing through the centre 
of the edge on which the solid rests, and making 45® with that edge, 

3. A pentagonal pyramid (edge of base 1 inch, height 2 inches) rests 
on its base on the H. P. with one edge of the base perpendicular to the 
V. P. Draw a sectional plan on a line passing through this edge and 
inclined at 40® to the H. P, Also show the true form of the section. 

4. A square (2 inches edge) is the base uf a pyramid. Three faces 
of the pyramid are inclined at 40®, 70®, 55®. The pyramid rests with its 
largest face in the H. P.,one edge of that face being inclined at 45® to 
the V. P. Draw a sectional elevation on a line parallel to the V.P., 
passing through the centre of one of the long edges of the face on which 
the pyramid is resting. 

5. A cone (diameter of base 2 inches, height inches) has one 
generatrix vertical Draw a sectional elevation on a line passing through 
the centre of the base and perpendicular to the V. P. 

6. A cylinder (diameter of base 2 inches, length 3 inches) rests on 
the H.P., on a point of the edge of a base, which is inclined at 20® to the 
H.P. Draw a sectional plan on a straight line parallel to the H. P. and 
passing through the centre of the upper base. 

7. An octahedron (1 inoh side) has one diagonal vertical. Draw 
the section on a line parallel to the 11. P, and passing through the other 
diagonal. 

8. A cone (diameter of base 2 inches, height 2 inche^j) rests on its 
base in the H.P. Draw the sectional plan on a line passing through the 
edge of the base and cutting the outer generatrix in elevation | inch 
from the vertex. Show the true shape of the section. 

9. A pentagonal prism (side 1 inch, height 3 inches) lies on one side 
in the H.P., and one long edge parallel with the V.P. Draw a sectional 
elevation on a line bisecting the axis at 50®, and show the true form of 
the section. 

10. Draw from measurement, all plans, sections, and elevations 
required for the working plans to enable a carpenter to make one of the 
tables in your class room. 
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11. A hollow pentagonal prism composod of two conoentrio penta- 
gonals (edges 2 inches and 1) inches) is 3 inches long. It is cut into two 
equal portions by a plane perpendicular to one face and inclined at 45^ to 
a base. Draw the plan of one-half when it is resting on the section end. 

12. The base of a pyramid (2]^ inches high) is a square (1 inch edge)* 
The pyramid rests on one of its triangular faces in the H. P. Draw the 
sectional elevation on a line bisecting the plan of the axis and making 
an angle of 50® with it. 

13. A cylindrical pillar (diameter 1 inch, height 4 inches) rests con- 
centrically on a hexagonal prism (edge 1 inch, height 1 inch). Draw the 
sectional plan on a line passing through the edge of the upper end of the 
pillar and the oppDsite lower edge of the prism, and show the true shape 
of the section. 

14. Draw the sectional plan of a sphere (2 inches diameter) on a 
line I inch from the centre and inclined at 45® to the H. P. Show the 
true shape of the section. 

15. A rectangular block, 4 inches long, 2 inches wide, and 3 inches 
high, has on each face a circle described with centre at the middle point 
of the longer side and diameter equal to the shorter side. The block 
rests so that the projection on the H. P. makes an angle of 35® with the 
V. P., and the axis of the block makes an angle of 30® with the K, P. 
Draw the plan and elevation of the block, and also, in a separate figure, 
a sectional elevation on a plane miking an angle of 15® with the V. P, 
and bisecting the axis of the block. 

16. Two equilateral triangular prisms (side of base IJ inches, length 3 
inches) stand on the H P., each on an edge of the tnangular end. If these 
edges are perpendicular to the V. P., and the faces containing them make 
60® with the H. P., and meet at their top e Iges so as to contain a space in 
the form of an equilateral triangle in elevation, draw the plan and eleva- 
tion of the prisms, also a sectional elevation on a plane parallel to the 
cuttiag.|dane, which bisects the line of intersection, and makes an angle 
of 30® with the V. P. in plan. 

17. A cylinder (diameter 2 inches, length 3| inches) supp)rt3 the 
apex portion of a pentagonal pyramid (edge 1 Jinches, height 3J inches) ia 
the centre of its length, which is perpendicular to the V. P. If the pyramid 
rests on an edge of the base in the H. P., 'and the face containing this edge 
makes 45® with the H. P., draw the plan and elevation, also a sectional 
elevation parallel to a cutting plane, which passes through the centres of 
the pentagonal base of the pyramid, and the front circular end of th^ 
cylinder. 
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18. An ootagonal slab (side 1^'' thickness rests with its base 
in the H. P., and supports a cone (diameter 2} inches, heigh 3 inches) 
concentrically. If a pair of the opposite sides of the slab are parallel to 
the y. P., draw the plan and elevation, also a sectional plan parallel to a 
plane, which bisects the axis of the cone, and makes 30® with the H. P. in 
elevation, . 

19. A cylindrical rivet (diameter of cylinder 2 inches, length 
inches) having a hemispherical head, diameter inches, rests on a point of 
the vertical circular face of its head in the H. P., so that the axis of the 
cylinder is perpendicular to the V. P. Draw a sectional elevation of 
the solid parallel to a cutting plane, which pisses through the left hand 
extremity of the front circular face of the cylinder, and makes 30® with 
its axis. 

20. A cone (diameter of base 3 inches, height 2 inches) rests on its 
base in the H. P., and supports a pentagonal pyramid (side of pentagon IJ 
inches, height 2] inches) having its base parallel to the H, P. with one 
side of the base perpendicular to the V. P, If the apices of the two 
solids meet, and their axes are in one vortical, line, draw a sectional plan 
parallel to a cutting plane, which is perpendicular to the V. P. , and 
intersects the basei of the cone ami pyramid at points J inch right and 
left of their left and right hand extremities respectively. 

N.B — Scale for all the questions other than qaestioa 10 to bo full Scale for 

qi^estion IG to be 1 foot to 1 {ach. 



CHAPTER VIII. 

ELEMENTARY BROJECTION OF POINTS. 

LINES, AND PLANES. 

The Student being now familiar with the meaning of Orthographic 
Projection, the use of the Planes of Projection and the more elementary 
problems in the Projection of Solids, may now proceed to investigate the 
more oomplicated problems which arise in representing on a plane surface 
objects consisting of a number of intersecting planes and lines of various 
inclinations. 

There are two systems of working out problems in Orthographic Pro- 
jection — 

(i) THEJ^TgACfl^jSirsTRM.— In this system each line and plane is 
represented by its traces in the H. P. and V. P. 

The ** Traces of a Line ” are the points in which the original line cuts 
the Planes of Projection. The point of intersection with the H. P, is 
called the ‘‘horizontal trace/’ that with the V. P. the “vortical trace," 

The ''Traces of a Plane*' are the straight lines in which it 
intersects the co-ordinate planes. As in th3 case of linos, they are 
distinguished as the horizontal and vertical bracea of the plane. 

As no two planes can have the same trace, it follows that if the 
horizontal and vertical traces of a plane are given, the plane can be 
idenlified, 

(ii) The myazojrnL on Index Sr^M.-In' this system objects 
are fully represt^nted on the horizontal plane, elevations on vertical 
planes being used, as in the projection of solids, bo work out problems 
when necessary. In buildings, irrigation works, and the representation 
of ground, by far the greater part of the detail is required on the H. P., 
and this system will be used in preference to the Trace System. 

If an original point A is projected on to the H. P., and the length of 
bhe projector is measured, the height of the point above the H. P, is 
determined. If the height of that point is marked against the plan of 
the point, the position of the point in space is as fully indicated as if both 
plan and elevation had been drawn. 

In the same way with a lino. Suppose the plan ah of the extremities 
of a line AB are obtained, and the lengths of the projectors measured and 
found to be three and seven units, respectively. If we mark the plans a^, 
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bj, we can at any time obtain ail information about the line, such as its 
true length and its angle of inclination to the H. P., by drawing an eleva* 
tion on an XY line parallel to t/ie line iteelf, making the point a' three 
units and b' seven units above the H. P. The elevation then gives the 
true length of the line, and the angle of inclination the elevation makes 
with the XY line is the actual angle at which AB is inclined to the H. P. 

Thus, in the Index System, a projection on the H. P. need only be 
made. The information with regard to the V. P. is supplied for each 
point by numbers, representing the height of that point above the H. F- 

These numbers are called In iices . They are gen rally written below 
the letter they refer to, as a. If the point is above the H. P., no sign 
is affixed to the index. If it is below the H. P., the sign ( — ) is affixed. 

If the jndices are high numbers, it would be inconvenient in making an 
elevation to refer them to an The H, P. may be assumed 

at any convenient level and tigurod aocordingl}^ ; i^ is then called the 
“ D atum P lane *’ or “ Plancj)f-EelQi:^ ^ 

In the actual working, plana of a building, etc , these indices are 
seldom used, except with reference to ground levels. They would be 
used in working out any complication in the intersection of planes and 
lines in the plan, by the methods given in the following problems, 
Finally, from the indexed plan, all necessary elevations and sections 
would be drawn for actually working from, and the indices, being no 
longer required, could be rubbed out. 

Points. 

The Horizontal af;d Vertical Planes of Projection, commonly called 
the Co«or dmate P^nes, are of in definite ^ tent, and since they intersect 
in the X Y lino tb^ form four quadrants (see Plate XVII, Fiff, 1). 

These four (|uadrants are known as the first, S3cond, third, and fourth 
di^edraXjLngd^. 

So far in the preceding chapter we have only investigated the projec- 
tion of an object in the first dihedral angle, but it is obvious that portions 
of the object might lie in any quadrant, according to the position in which 
we fix the XY line. 

Take two pieces of piper and fit them together at right angles, to 
represent the two co-ordinate planes, forming the four dihedral angles. 
(Plate XVII, Fig. 1.) 

Take four points in space A, B, 0, D, one iq each dihedral an^le c^nd 
draw their projections. 
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If the two pieces of paper are separated the projections will appear as 
in Plate XVII, Fig. 2. 

As explained on page 105, some method is required to show this result 
on a plane surface such as a sheet of drawing paper. Join the two pieces 
of paper again at right angles. Rotate the sheet representing the V. P. 
on the XY line as a tojogfi, in the direction represented by the arrow, till 
it lies Hat on the paper representing the H. P., and prick the points 
obtained on the V. P. on to the H. P. The result is as shown in Plate 
XVII, Fig. 3, and is the co n vent ixmaL .^method of obtaining on a 
horizontal plane the projection of the four points A, B, C, D, shown in 
Fig. 1, situated in the four dihedral angles. 

We have, however, the power of fixing our no-ordinate and 

consequently our XY line, wherever it is most convenient. In practice, 
therefore, an object is usually regarded as situated in the first dihedral 
angle unless otherwise stated. The Student should, however, work out 
the following examples to see that he thoroughly grasps the principle of 
the four dihedral angles : — 

Examplea, 

1. A point A is 1 inch below the H. P, and J inch behind the V. P. 

2. A point B is I inch above the U. P. and I inch behind the V. P. 

3. A point C is 1 inch above the H. P. and f inch in front of the 

V. P. 

4. A point D is 2 inches below the H. P. and f inch in front of the 

V. P. 

Lines. 

-I 

The projections of a line are made up by projecting each point of the 
line. 

If the line is a straight lino, it lies evenly between its extreme points, 
and if the projections of the extreme points be obtained and joined up, 
the projections of the straight line will bo found. 

If the line is not a straight line, the projections of a sufficient number 
of points must be obtained in order to get th(* projections of the line, 

The following are the various conditions under which the projections 
of a line (AB) may he required : — 

1. When the lino is parallel to both planes of projection. (Plate XVII, 
Fig. 4.) The plan and elevation will both be parallel to the XY lino and 
equal in length to the original line. 

2. When the line is perpendicular to one piano and parallel to the 
other plane of projection. (Plate XVII, Figa. 5 and 6.) 
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One projection will be a poinl and tho other equal to the ori ginal lin e 
and perpendicular to the XY line. 

3 When the line is inclined to one and parallel to the other plane 
of projection. {Plate XVII, Figs. 7 and 8.) 

Draw the plan or elevation (ae tho case may be) inclined at the given 
angle to the XY lino, and project the other plan or elevation parallel to 
tho XY line. 

4. When the line is inclined to one and in a plane perpendicular to 
the other plane of projection I’hia is not so obvious and will be ex- 
plained in the following Problem : — 

Problem 192*— Draw the prqjec^ns of a line AB (li inches long) inclined to 
the V. F at 25° and in a plane perpendicular to the H. P. (Plate XVII, Figs. 9 
and 10-) 

First look at Fig. 9 which represents the case graphically. It is evi- 
dent, to get the true lengths of tho plan and elevation ab and tt' we 
must get a right-angled triangle of which the hypotenuse is the real 
length AB iuclined at 25*^ to the V. P, 

Both projections will be perpendicular to the XY line. In Ftg. 10 
,draw an in definit e straight line 6 a 6', perpendicular to the XY line, 
cutting it in a. Draw a B making 25^ with this line and equal in length 
to AB. From B drop a perpendicular B 6' on to the line b a 5'. Then 
B V is the length of tho plau and a b' the length of the elevation of the 
line AB in the required position, and may be measured off on b a b' from 
the point a. 

In lig. 9, the line CD is shown inclined to the 11. P. at 20° and in a 
plane perpendicular k') the V. P. 

Planes. 

A plane may be defined as “ a surface such that, if any two points 
in it arc taken, the straight line passing through them lies wholly in the 
surface. A plane in space is determined, if we are given — 

(1) two right lines parallel or intersecting lying in the plane , 

(2) a point and a right line lying in the plane ; 

(3) three points lying in the plane. 

As a plane is indefinite in extent, to obtain both projections, a plane 
must be incliaod to one, or other, or both co-ordinate planes, otherwise 
it is parallel to one of the co^QfdinatM^laaos and only one projection is 
obtainable. Lot us take a plane perpendicular to one plane of projection 
and see how we can obtain its projections. 

Problem 193 —Draw a plane incUned at 50'’ to the H. P. (Plate XVI1» 
Figs. 11 and 12 ) 
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Looking at Fig. 12, in which the problem is graphically represented, 
the elevation is obviously an indefinite straight line inclined at 50® to 
the XY line. Draw the elevations of a series of hurizoutal planes inter- 
secting the given plane at successive equal intervals above the H. P. (say 
5 units), in the points 5', 10', 15' etc. These elevations will be straight 
lines parallel to the XY line and 5, 10, 15, etc., units respectively distant 
from it. In Fig* 11 project down the points representing the elevations 
of the intersections of these planes with the given plane, viz. 5', 10', 15'. 
The plans will bo indefinite parallel straight lines perpendicular to the 
XY line and equidistant from each othor. These lines are tenncHl 
“ contours ** of the plane, and are shown conyiiiitk4ia.lly .as double c haii^ - 
d otted iiaes. Now draw two parallel straight lines perpendicular to the 
contours to represent a scale, and figure 0, 5, 10, 15, etc., as in Fig. 
11. This scale is called the “ SciUiiJQLSlepe,’’ and must always beat right 
angles to the contours. Conventionally the left-hand lino, looking up the 
scale, is always made thick, and the right-hand line thin. 

We have now found a method of determining the projections of any 
plane. If its Scale of Slopo is given, its elevation and inclination to the 
H. P. can be obtained by making an elevation on an XY line parallel to 
the Scale of Slope, 

It must be remembered that the H. P. is always the same; we can only 
alter its height, but its position is fixed. The V. P., however, can be put 
up anywhere to suit our convenience, so the only case we need take into 
consideration is that of a plane of given inclination to the H. P, Of 
course a problem may be so stated that the plane is i^iolined at so many 
degrees to the H. P. and so many lo the V. P., thus fixing the V. P for 
that problem, but this will not assist us in our practical ^vork, and will 
not be considered in this Manual. 

A plane is, therefore, determined by its iiioliaation to the H. P., as 
shown by the vertical interval of its contours marked on its Scale of 
Slope. distance apart in plan of the contours is called the horizon- 
tal Equivalent of a plam inclined at so many degrees at so many unit 
vertical interval. In Plate XVII, Fig, 11, the perpendicular distance 
in plan between the couiours is the H‘)rizouta] E(|uiva!ont of a plane in- 
clined at 50® at 5 units vertical interval. The Student should thoroughly 
grasp the above, as ho will find it very useful to liim when commencing 
his study of Survey. 

A plane is not always expressed in degrees. It is sometimes referred 
to ^ ^ fraction such as J (one in two). This means that for every unit 

10 
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of verbioal height, the horizontal equivalent is two units. In other 
words, the fraction represents the tangent of the angle of inclination. 

In the Problems now given, when it is required to draw a plane,*’ 
it is the Scale of Slope of that plane which is wanted. In the same way 
if it is required to draw a line, or find a point, it is the plan of that line 
or point which is required. 

In certain cases freehand drawings are given, showing practically the 
methods of working out the problems. These should be further explained 
in Class by models. Although a plane is of indefinite extent, in these 
practical drawings it is shown bounded by a rectangle. 

In all problems and exorcises, a uniform scale of 10 units to an inch 
is used unless otherwise stated. 

Each of the ten elementary problems now given .are so arranged as to 
lead up to Problem 204, Plate XIX, which is a practical example of the 
application of each of these problems to a piece of work which any man 
may be called upon to do in his daily work as an Engineer. 

Problem 194. -Through a given line to draw a plane of given inclination. 
(Plate XVII, Figs 13 and 14 ) 

Let aio, ho, be the given line through which it is required to draw a 
plane incline at 75®. Referring to Fig, 13, place a cone, tho generatrix 
of which makes 75® with tho base, on an U, P., level (10). Let the 
height of the cono be 10 units (the difference in level between the two 
ends of the given line AB). Place the line AB so that the end A (10 
units) rests on the H. 'P. (10), and the end B (20 units) on the vertex of 
the cone. Then it is apparent that if we rest a sheet of paper repre- 
senting a plane so Ihit it touches the line AB and rests against the cono 
it will be the required plane as it is inclined at 75° and contains the line 
AB. 

For the practical construction of this problem turn to Fig, 14. Draw 
an elevation of the line aio 620 on an XY line, level (10), parallel to 
aio hiQ, At the point b2o draw the plan and elevation of a cone, the 
height of which is the difference in level between the two ends of the line 
(10 units), the inclination being 75® and the vertex at 6', Through aw 
draw a tangent to the circle which represents the plan of the base of the 
cone, and through ^ parallel to the tangent. These are the 
contours of the required plane P, and the scale can be drawn. 

It can further be seen from Fig, 13 that two planes can be drawn to 
fulfil the conditions, one on either side of tho cone, and the line AB is 
the intersection of the two planes. The second plane is shown in 
Fig- 14 . 
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Problem 195 — To find the intersection of two planes- 

(i) when the contours of the two planes are not parallel- (Plate XVIL 

Figs. 13 and 14) ; 

(ii) when the contours of the planes are parallel. (Plate XVII, Figs. 15 

and 16.) 

In the first case we have already seen in the last problem that the 
intersection of two planes, the contours of which are not parallel, is the 
line joining the intersection of similarly figured contours of each plane. 
The intersection of the two planes P and {Fig^ 14) is the line aio 620. 

In the second case, by referring to Fig* 15, it will be evident that 
the intersection of two planes, the contours of which are parallel, is a 
straight line parallel to the contours. Let the two planes {Fig. 16) be 
P and inclined respectively at 56® and 76®. Draw an elevation of the 
planes on an XY line parallel to the Scale of Slope, and find ci' the 
point of intersection of the elevations. Project down a' on to the Scale 
Slope of the two pianos and figure the point obtained, which is 18 on 
both Scale of Slope 

Problem 196. -Through a given point to draw — 

(i) a plane parallel to a given plane ; 

(ii) a line parallel to a given line (Plate XVIII, Fig> 1 ) 

Let a? be the given point and P the given plaue, and ^13 C21 the given 
line. 

It is evident that if a plaue or line in space is parallel to another 
plane or line, the plans and elevations must be parallel, therefore the 
contours and scales of slopes of the planes are parallel, and the contours 
of both pianos are the same distance apart. Further, the indices must 
rise or fall in the same direction. 

Through {Fig. 1) draw a plane Q the contours of which are the 
same distance apart as those of the given plane P. Index the scale in 
the same direction. 

Secondly, through otj draw a line parallel and equal to 613 C21. Then 
since the difference in level between the extremities of the given line is 
8, the extremity of the new lino may be figured dis. 

Problem 197- -To pass a plane through two given intersecting lines, or 
through three points not in the same straight line. (Plate XVIII, Fig. 2 ) 

The two conditions are obviously identical. Let bg and a# bo 
two straight lines which intersect at the point as or let as bg Cj be three 
given points. On as bg find a point dv by means of an elevation. Join 
df c 7 . This line is the (7) contour of the required plane Another 
contour can be drawn through as and the scale graduated. 

Problem 198.— Through a given point to draw a line perpendicular to a given 
plane, and to find the distance of the point from the plane. (Plate XVill, fig- 3 ) 
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Let a? be the given point and P the given plane inclined at 45® . tf 
a lino is perpendicular to a plane, it is evident that its plan must be 
perpendicular tu the contours of the plane, therefore any stiaight line 
drawn through a? perpendicular to the contours of the plane P will 
represent the plan of the required line. 

To find the distance of A from the piano P we must find the point 
where the perpendicular from A intersects the plane P. Make an eleva- 
tion of the point and the plane. Through a' draw a lino a' b* perpen- 
dicular bo tho elevation of the piano P and intersecting it in the point 6'. 
Then a'h' is the elevation of tho perpendicular drawn from A to the 
plane P, and y is the point of intersection. Project 5' down on to the 
plan of the line which can then be indexed bn from the elevation. 

Prpjilem 199 — To find the point in which a given line intersects a given plane* 

This problem is worked in the same way as the last by making an 
elevation of the plane and line, and projecting down the point of inter- 
feection. It is left as an exercise for the Student. 

Problem 200.— In a given plane and ftom a given point in the plane to draw 
a line of given inclination (Plate XVIII, Figs. 4 and 5 ) 

Let P be the given plane inclined at 45® and ao a given point in the 
plane. It is required to draw in ihc plane a P from a© a line inclined 
at 30®. 

Turn to the .sketch {Fig. 4). In the plane P place a line AB inclined 
at 30° to the H. P., and project down the point B where the line cuts 
the 10 contour of the plane P^ Then ao bio is evidently the required 
plan, and iurther a second line ao Ciq may be obtained fulfilling the same 
conditions. 

To work the problem out on paper turn to Fig, 5. Make an eleva- 
tion of the plane P and the point a© . At a' lay off a line inclined at 80® 
to tho H. P., and where this line cuts the level (10) obtain the point 6'. 
Project down b\ then a' h is the plan length of the required line and 
may be laid off from ao between the 0 and 10 contours of the plane P, 
giving the lines ao bio and Gq Ciq. 

It is evident that if the inclination of tho line is greater than the 
inclination of the plans, the problem is impossible. 

If the inclination of the line is equal to the inclination of the plane 
only one line will be obtained perpendicular to the contours of the plane. 

To FIND THE TKUE FORM OF ANY PLANE FIGURE. 

We now come to an important principle in Solid Geometry, how to 
find the true form of any plane figure, and consequently how to measure 
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the angle between any two right lines or two planes in space. (Compare 
page 118.) The principle is to find any convenient contour of the plane 
containing the figure, and using this as a hinge to turn the figure up or 
down into the horizontal plane of tho level of the hinge. 

For instance, in 6, take the polygon Aio C, Du Eje. In the 
edge Cb Di 4 find a point Fio. Join Aio Fi©, and using this as a hinge, 
turn the points Eie and Da down, and the points B4 C, up into the 
H. Pxo, thus obtaining the true form of the polygon. This process is 
termed “ C onstruo ting ” or “ Uabatting ** a figm^^ ^ All points in the true 
form of any figure obtained by “ constructing '' will be marked by capital 
letters. 

Problem 201-— To find the true form of a given polygon and to measure the 
angles between the lines hounding the polygon (Plate XVIII, Figs. 6 and 7). 

Let aio 64 Ca ei6 ba the given polygon. In Cg find the point fu 
by Problem 197. Join aio /lo representing the 10 contours ol“ the plane 
containing the polygon. Make an elevation of the plane and project up 
each point obtaining the points c' b' a' iV e'. With centre a' (represent- 
ing the hinge) and a radii a' 6', a' o', etc., turn the points 6' c', etc., up 
and down to the XY line, obtaining 6" c" ci" e". From these points draw 
projectors down till they intersect with lines drawn through Cj 64 du Cie 
parallel to the XY line. Join the points so obtained, viz,^ C, B, D, E, 
and obtain the true shape of the polygon, and the angles between any 
two lines bounding iho polygon can be measured. 

Problem 202 — To measure the angle a given line makes with a given plane- 
(PlateXVllI,Figs.8and9) 

Let dg ^^5 be the given line and P tho given plane inclined at 65°. 

From a consideration of Fig. 8, it is evident that if a perpondicula] 
AH is dropped from any point A in the line AB on to tho plane, the 
angle between the line and the plane is tho angle AIH, I being thi 
point where the line intersects the plane. In f ig, 9, draw an elevatioc 
of the line and plane and find their point of intersection t'. From any 
point, say (jt 2 , draw a' h' a perpendicular to tho plane. The points 
i and h can be figured hf ti from the elevation Then U -5 h-t is the 
angle the line makes with the plane, and if constructed down into the 
horizontal plane level 2 (Problem 201 ), the true Ibrm of the angle a I H 
is obtained and is found to be 67 

Problem 203.-'To measure the angle between two given planes. (Plate 
XVIII, Fig. 10.) 

Let P and Q be the given planes. If the Student makes a model he 
will see that if we take any auxiliary plane R at right angles to tho 
intersection of the given planes, tho intersection lines of the auxiliary 
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piano and the given pianos will give the angle the two planes make with 
each other. In Fig. 10 find hio. the intersection of the given planes, 
and draw its elevation. Draw the elevation of an auxiliary piano 
perpendicular to a' 6', and draw its plan and scale of slope. Find V the 
point of intersection of the auxiliary plane R and a' and find its plan i. 
Then d ids the angle between the two pianos P and Q and if constructed 
into HP (o) gives the true angle I c = 51°. 

Pcoblem 204 .— Draw the contoured plan of an earthen embankment under 
the following conditions. (Plate XIX., Fig. I.) 


Soale.j^; oontoura I loot vortical iatorval. Tho ground ulopos up from tho right- 
hand top corner of the paper vvhioh ia level (+ 6) at The top of the embankment ig 


10 feet broad and parallel to the ground. Tho left-hand odgo of tho top of the embank- 
meet maybe drawn 2 inches from tho bottom of tho paper and is 74 feet above ground 
level. (Lino AB.) 

Prom this etfge tho earth slopes down to the left at 4 for a width ol 10 feet. The 
slope then continues at \ till it meets tho ground. From the right-hand erlge of the top 
of the embankment tho earth slopoh at 4 till it meets the ground. A berm. of 4 feet is 
loft and then comes .i bQtrajF._-pit. The near slope is 4 Tho bottom of tho pit ts 3 foot 
wide, parallel to the ground ami overywhorc 2 foot doep. A point 0, level 8*5 loet is giyon 
where the fu rther s lope ol tho borrow pit meets the ground. 

There is a road loading perpenlioalirly through the embankment, 10 feet wide at 
bottom, with side slopos of 4 . Tho road crosses the borrow pit by a wooden bridge. 

At a point D, level 80 in the orntre line of the roidwiy, a woodcu pole is to be 
planted perpondiculir to the left sidi slope of the roadway. Show its point of intersection 
with the slope. 

A pipe Imo runs from tlio point K, lovol 19, to P, level 14. Show tho points where 
it enters and h^avos the embankment, and tho angles it makes with the slopes on entering 
and leaving tho embankment From a point G 17 on the embankment path inclined at 20, 
tuns dowi^ho farther slope, 

Furth^, it ia required to dad the angle tho left-hand side slope of the road makeg 
With the further slop3 of tho ombankment, and tho angles tho boundary linos of tho left 
hand side slnpe of tho road make with oaob other. 

The first thiQg lo d:> ia to driw a plane inclined at ™ by Problem 193, 

No. 5 contour being at the right-hand top corner oF the paper. This 
represents the ground. Draw the line AB for tho near top edge of the 
embankment 2 inches from the bottom of the paper. As this edge is 
feet above ground level, the points where it cuts the ground contours 11 
and 12 will be levels 18J and 19J, The levels 16, 17, 18, 19, 20, 21 
may now be obtained and marked. 


Dealing with the near slopes we now have to pass a plane inclined 
at } through the lino AB by Problem 194. The width for this slope is 
10 feet which gives the terminating line of this slope. Through this lino 
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pasB a plane of 4 by Problom 194 till it intersects with the ground 
plane. 

This intersection line will be obtained by Problem 196. The top of 
the embankment is parallel to the ground plane and 10 feet wide. 
Through AB pass a plane parallel to the given ground piano by Problem 
196, and obtain the further edge of the top of the embankment. 

Through this line pass a plane inclined at J and obtain its intersection 
with the ground plane. The berm is 4 feet wide. The near slope of the 
pit may then be drawn at J. The bottom of the pit is 3 feet wide, 
parallel to ground and everywhere 2 feet deep. The contours of the 
bottom will, therefore, be continuations of the ground contours hut 
marked 2 feet lower. 

Now' we are given a point level 8J on the upper edge of the further 
slope. Take two points, say 7 and 8, on the further edge of the bottom 
of the pit, and through these three points pass a plane by Problem 197. 
Find the intersection of this plane with the ground. 

Find the inclination of the plane by Problem 193. 

The roadway is 10 feet wide at bottom and perpendicular to the 
embankment and the side slopes are 4* 3)raw two lines representing 
the bottom of the roadway 10 feet apart. Through any two points on 
these lines obtained by the levels of the ground contours, pass planes 
inolin^l at 4, and find their intersections with the embankment. 

From the point D, level 20, a pole is to be placed perpendicular to 
the left-hand side slope of the roadway. The plane of the pole will of 
course be perpendicular to the contours of the plane, and its point of 
intersection may be obtained by Problem 198. ^ 

The pipe lino Eio Fm may now be put in and its intersection found 
by Problem 199, and the angles it makes with the slopes by 
Problem 202. A pathway leads from G, level 17 down the* further slope 
inclined at 20®. This may be done by Problem 200. From a point G17 
place a line inclined at 20® in a plane inclined at 

The angle between the left-hand side slope of the road and the further 
slope of the embankment is 132®, and may be found by Problem 203. 

The angles which the boundary lines of the left-hand side slope of 
the road make with each other may be found by Problem 201. They are, 
starting from the bottom of the paper and going round from left to 
right, 57®, 143^, 158®, 150®, 32®. 

Exbbcisbs. 

1, The plan of a line bn is inches long. Find its inclination 
fi^ud true length, 
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2. Which is the largest, the horizontal equivalent of a plane of 76* 
or a plane of 25° at 5 units vortical interval ? 

8. a, and (2 inches apart) are the plans of two points in space. 
Find the real distance between the two points in space. 

4 Draw the plan of a line AB (2 inches long) when it is inclined at 
45° to the H. P , and parallel to the V. P., and also when it is inclined at 
90® to the H. P. 

5. Draw the scales of slope of planes inclined at 70°, \ and 20°. 

6. The contours of a piano are J an inch apart in plan at 5 units 
vertical interval. Find tlui iiK^linatioii of the plane. 

7 Draw the projections of a line (3 inches long) inclined at 45*" to 
tho H. P., and in a vortical plane inclined to the XY lino at 20°. 

8. A cube 2 inches S(juare rests with one edge in the H. P., the face 
containing that edge being inclined at 30°. What is the inclination of 
its diagonals ? 

9. A rectangular box is 5'' X 3" X 2". Find the length of its 
diagonal. 

10. Through a lino draw a plane inclined at j^. 

11. The contours of two planes inclined at 45° and 60° intersect at 
72°. Find the intersection of the planes. 

12. Two planes inclined at 15° and 75° have their contours parallel, 
and their scales of slope rise in the same direction. Find their intersec- 
tion. 

13. Draw three parallel lines at intervals of 1 inch. The outer ones 
which are respectively at the levels 10 and 20 are contours of planes 
which intersect in the third lino. The plane passing through the contour 
10 is inclined at 60°. What is the inclination of the other plane ? 

14 A window .shade, 10' X 15', slopes downwards from a wall at 
40°. Draw another window shade of the same slope 10 feet higher up 
the wall. 

16. The hau l rail of a straight staircase rises at 30° from level 4 feet 
to level 24 feet. From a point level 22 feet immediately above the com- 
mencement of the first handrail draw a second one parallel to the first. 

16. 6,5 are points on the top of the walls of a house and are at 
the corners of an isosceles triangle. Base a6=l5', height of triangle 
20'. Draw the plane of the roof passing through these three points, 
and find its inclination. 

17. Three points 6,^ c,7 form in plan an equilateral triangle of 21^ 
inches side. A point d lies in the same plane as the three given points an<^ 
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ia distant on plan 2 inches from a, and inches from c. Determine the 
index of d. 

18. The base of a telegraph pole 10 feet high is 4 feet from the 
lower edge of the slope of an embankment inclined at Draw the stay 
of the telegraph pole which enters the embankment at right angles to the 
slope. 

19. The plan of a line AB, inclined at 35°, makes an angle of 65° 
with the contours of a piano inolinedjat 60°. The point B in the lino is 5 
units vertically above tho 0 contour of the plane. Do ter mine the point 
of intersection of the lino and the plane when they are sloping in opposite 
directions. 

20. The points a h c form an equilateral triangle of 3 inches side, 

^10 ^ 5 c is the 20 contour of a plane inclined 

at 45°. Determine tho intersection of the line and the plane. 

21. The angular points of a square are marked Do the 

diagonals really intersect ? 

22. An embankment is 30 feet high and its side slopes are Sliow 
a road leading down from the bop to the bottom inclined at 20°. 

23. The contours 0 and 10 of a plane are i inch apart in plan. In 
the plane draw two linos each really 2 inches long, one having the 
greatest and the other the least possible inclination. 

24. Two lines at right angles in plan intersect at a point whose index 
is is. One is inclined at 32° and the other at 48°. Each line is really 2 
inches long Determine the inclination of the plane containing the lines. 

25. a — , d^^ are tho angular points of a pentagon of 2 

inches side. Find its true shape. • 

26. The plans of two lines and 5,^ are each 2 inche?! long and 
intersect at right angles. 

Determine the real angle between the lines, and form a point c,, draw 
a line cd (making CD 3 inches long) perpendicular to tho plane contain- 
ing ABC. Measure its length in plan. 

27. ajs 65 C| d^ are the four corner points of a square of 2 inches side. 

bdisfh contour of a plane inclined at 40°. Find the angle tho line ac 
makes with the plane. 9 ^ - 

28. The two side slopes of the ii^^f a stone bre akwater arc inclined 
at 60° and 50°. The plan of the top is an equilateral triangle 20 feet 
side. Find the angle of inclination between the side slopes. 

29. Two planes are each inclined at 50° and their contours intersect 
at 30°. Determine the angle contained between the two planes. 

17 
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30. The ground slopes from the left-hand upper corner (level 1) of 
the paper diagonally across at 1*^® right-haad bottom corner. 

Scale eV Contours one foot lertical interval. A rectangle 12' X 15' 
in the centre of the paper represents the top of a mound. The level of 
three of the corners is 9, 8, 10 in succession. The slopes of the four sides 
are f 30®, 45®. Draw the mound. 



CHAPTBE IX. 

ISOMETRIC PROJECTION. 

laoraetric projection is a conventional manner of repreaenfcing objects 
which have their principal planes at right angles to each other, such as 
buildings, machinery, etc. The result somewhat resembles a perspective 
view, with the advantage that the lines situated in three visible planes at 
right angles to each other, retain their exact relative dimensions, and can 
therefore be measured by reference to the same scale. For this projec- 
tion only one drawing is required instead of several, as is the case iu 
Orthographic Projection. 

In Isometric Projection the object is always in a fixed and constant 
position with regard to the plane of projection which is the H P. This 
position is suoh that the three principal rectangular axes or edgos of the 
object (such as the length, breadth, and height of a rectangular prism) 
shall bo equally inclined to the H. P, ; and all straight lines coincident 
with, or parallel to, those axes are drawn in proportion to the same 
scale. These axes are called Isometric Axes. 

The position is best explained by the orthographic projection of a 
cube resting on a point O in the H. P., the diagonal passing through that 
point being vertical. {Platt XX, Fig, 1.) The 'plan of the cube in this 
position is the Isometric Projection of the cube, the three principal 
rectangular edges, the length, breadth, and heiglit being all equally 
inclined to the plane of projection. These three edges OX, OY, and 
OZ are now represented in plan by the lines oxy oy, oz making 120® 
with each other, and are the three isometric axes. 

To obtain the isometric projection of any object it must be placed in 
this position, and the method is best explained by the following problem : — 

Froblem 205.— To draw the Isometric Projection of a hollow rectangular 
prism 2 inches broad, 2k inches long, and 1 inch high. The prism is i inch thick. 
(Plate XZ, Figs. 2 and 3 ) 

First draw the plan of the hollow prism resting on one face and letter 
it. Take any two convenient lines at right angles to each other ; in this 
case the length a6 and the breadth ad, an I mark them Oj Xj Yj 
corresponding to two axes. The third axis OZ cannot be shown in this 
orthographic plan but is an imaginary line O, Z^ perpendicular to X^ 
and 0, Yj, and corresponding with the height of the prism. We must 
now tilt the figure so that it rests on the point 0 and the axes OXj OY 
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ami OZi are equally inclined to the H. P. Draw three lines (Figf. 3) 
making 120° with each other, and figure them OX, OY, OZ. Draw OZ 
straight up the paper. These are the three isometric axes. The line ah 
being coincident with Oj Xj must be measured along OX, ad being coin- 
cident with 0, Yj must bo measured along OY. Draw DC parallel to 
OB and BC parallel to OD, obtaining O B C D the isometric projection 
of the bottom of the prism. 

The height 1 inch can now be set up along OZ and on line drawn 
parallel to OZ through B, C, and D. The top of the prism can now be 
drawn parallel to the bottom. To obtain the hollow internal rectangle 
shown in plan by the points e f g h, measure from O a ] inch along OX, 
and a J inch along OY, through the points so obtained diaw parallels to 
OY and OX obtaining the point E. The remainder of the points can 
be obtained in the same manner, and the isometric projection completed. 
The Isometric Scale. 

If the Student refers to Plate XX, Fig» 1, he will notice that the 
edges of the cube in the isometric projection are somewhat shorter than 
the real length of the edges. The square /X/iE has become the rhombus 
f X h e. The diagonal / h being parallel to the plane of projection 
remains its original length. 

On fh as diagonal describe a square /XfeE, representing the true form 
of the face of the cube. Then since the angle X / /t is 45° and the angle 
X f h is 30° 

.\Xf: xf : : sin 120°: sin 45°. 

: :V"3 • 

which is the relation between the real length of a lino and its isometric 
projection. From this it is apparent that the isometric projection drawn 
to the natural or orthographic scale in Fig. 3 is somewhat larger than it 
should be, and to obtain the true size of the prism, the original length of 

each line should be reduced in the proportion of V 3 : \/ 2 when plotted 
on to the isometric projection To enable us to do this we must have 
an Isometric Scale. 

In practice this is seldom used, and if the natural or orthographic 
scale is employed all measurements can be taken, and the projection will 
only be slightly exaggerated. The Student should, however, know how 
to make an isometric scale if necessary. 

Problem 206 — To draw an Isometric Scale. (Plate XX , Tig- 4 ) 

Draw a right-angled triangle ABC, of which the side AB = the 
side BC = one unit (say, 1 inch). Then, since AC® = AB* + BC®, the 
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hypotenuse AC = V 2. Along BA produced measure BD = AC. 
Join DC. Then, since DC* = DB*+BC* /. DC = Vlj; Measure the 
scale of the drawing (in this case 1 inch is taken) along DC, and project 
each of the divisions on to DB, and draw along DB produced the isometiic 
scale proportional to the natural or orthographic scale measured 
along DC. 

Lli^ES NOT PARALLEL TO THE ISOMETRIO AXES. 

The position of these linos must be fixed on the original by means of 
co-ordinates or offsets referred to the principal axes, and these co-ordinates 
transferrol to the isometric axes as in the case of the point E, Problem 
204. 

Problem 207— To draw the aometric Projection of a pentagonal pyramid 
(11 inch edge of base, height 2 inches) (Plate XX , Figs 5 and 6 ) ^Natural 
Scale.) 

Draw the plan of the pyramid {Fig. 5). Choose any two convenient 
directions for the axes 0^ X^, 0^ Y^. To obtain llie point B, from b drop a 
perpendicular b /on Oj X^. Me.isure the distanee a / along OX {Fly. 6), 
and obtain the point F. Draw FB parallel to (JY and equal to / ?;, 
and obtain the point B. In the same way the other points in the base may 
be obtained. To find the vertex diaw kv ])arallel to Oj Xj. Make KV' 
equal to kv, and parallel to OX. From V' draw V'V parallel to OZ 
and equal to the height (2 inches). Join the vertex V with the points 
of the base. 

If a certain comer, e g. corner a, is required to be to the front, the 
axes Oj Xj, O^ Y, must be so placed as to make the point O^ coincide 
with the corner a, and each of the axes Oj X, andiOj Y, inclined al 45® 
to av, the bisector of the angle e <ib {Plate XX, Fig, 5). To obtain the 
point B, from b draw a perpendicular 6 / to Oj X^. Set off AF equal 
to a / on OX (Fig, 6). Draw F B parallel to OY and equal to / b, and 
obtain the point B. Obtain the other points in the base in the same 
manner. To find the vertex V proceed as above. 

Notes 1,— Tho sa ne prooosd will .ipply to the ciso of aay regular polygon. 

2. When a side of the base of any regular polygon is required to be to the 
front, the point 0| must coincide with the ceutre of that side, and each of the axes 0} Xj 
and Oi Y| make 46* with tho bisector of tho side. 

Curves. 

Wc will now consider the application of Isomelrio Projection to curved 
^ lines. 

The isometric projection of a circle is an ellipse. In Plate XX, 
Fig» 7,ah cd is the plan of a cube in the faces of which circles have been 
ihWibed, and Fig- 8 represents the isometric projection of the cube. 
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Then, as the projection of one of the diagonals of each face of the ouboi 
and consequently one of the diameters of the circle, is of the same size as 
the original, we have at once the major axis of the ellipse, which the pro- 
jection of the circle forms, and as the circle touches each side of the 
square, we have also four points in the conference ol the ellipse, and we 
have only to find the isometric projection of its minor axis. From the 
intersections of the diagonals of the faces of the cube, sot off on the major 
axes the radius of the circle at a, b, o, d, e, /, and through the points thus 
obtained, draw isometric lines cutting the minor axes in 1, 2, 3, 4, 5, 6, 
and we thus obtain the length of the minor axes. The ellipses can then be 
sketched by hand, or trammelled by a slip of paper. A similar method 
to this can be employed for determining the isometrical projection of 
every curve . The principal of the construction is the same as that already 
indicated for lines not parallel to an isometric axis, and will be fully 
understood by carefully examining the next problem. 

Problem 208.— To draw the I sometric Projection of a padlock with a sgoare 
staple. (Plate XX, Figs. 9 and 10.) (Natural Scale .) 

Choose any two axes Oj Xj, Oj, Y,. and by the aid of a convenient 
number of co-ordinates sketch in the isometric projection of the base. 
Each point so obtained must now be lifted the height of the padlock to 
obtain the finished projection. ^ 

Exercises. 

1. Draw the isometric projection of an octahedron (3 inches edge) 
lying on one face. Scale, full size (orthographic). 

2. Draw the isometric projection of a hollow hexagonal prism (edge 
of base 2 inches, height 4 inches). The diameter of the bore is 2 inches 
Scale, full size (isometric). 

3. A stone cross rests on a pedestal of two steps. The lower step 
is 4 feet square and the next step 3 feet square. They are each 1 foot 
high. The shaft of the cross is 6 feet high and 1 foot square. One foot 
from the top the arms of the cross each project 1 foot and are 1 foot 
square. Draw its isometric projection. Scale to 1'' , orthographic). 

4. A box is 2 inches long. inches wide, and 1 inch high. It has a 
lid semi-circular in section. Draw the isometric projection when the lid 
is open at an angle of 30^. Scale, full size (orthographic), 

5. A cube of 3 inches edge has its top edge bevelled off to an angle 
of 45^, so that its top face becomes inches square. Draw its isometric 
projection. Scale, full size (orthographic). 

6. A rectangular wooden case is 2 feet 6 inches high, the top being 
I foot 6 i4ches square. It is supported by four legs at the corners 1 foot 
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long and 2 inches square. At the top is a circular hole 1 foot in diameter, 
and in the middle of each side is a rectangular opening 4 inches high and 
6 inches square. Draw an isometric projection neglecting the thickness 
of the wood. Scale, 1' to 1" (orthographic). 

7. A carpenter's tray is 7 inches long and 5 inches broad and 3J 
inches high. The wood is ^ inch thick. There is a central partition 
across it J inch thick In the left-hand portion 6ts a tray 3J" X4J" X2'' 
deep, being let into the wood by cutting a quarter of an inch off as a 
support to the tray. The tray is divided into two equal parts by a parti- 
tion i inch thick. Draw an isometric projection. Scale, J size (ortho- 
graphic). 

8. Draw an isometric view of an ordinary stool from measurement. 

Scale, J' to 1" (orthographic). 

9. Make out an isometric view of the drawing table given in ques- 
tion 10, page 114. Scale, 1' to 1'' (orthographic). 

10. Draw an isometric view of the sodd given in question 15, 
page 109 ; (a) when a corner of the hexagonal base is to the front, (6) 
when a side of the hexagonal base is to the front. Scale, full size 
(orthographic). 



CHAPTER X. 

THE APPLICATION OF CONTOURS TO THE DELINEATION 
OF SLOPING GROUND. 

Problem 204>, Chapter VIII, shows how to delineate by the means of 
contours any object bounded iy interseoting planes. These contours 
may be regarded as the plans of the outlines traced on the object by a 
series of horizontal secant planes at fixed equal verticel intervals. It, 
therefore, follows that contours would be a useful method of delineating 
any object even though it is not bounded by intersecting planes ; and 
they are the foundation of moat methods of delineating hilly or sloping 
ground. 

The use of contours to show the undulations of the ground can be 
seen at a glance by reference to Plats XXI, Piff. 1. 

In practice, the contour lines of any portion of ground are obtained 
by fixing a series of points on the ground at certain levels by means of a 
levelling instrument, the manipulation of which belongs to the study of 
Surveying (see Survey Manual, page 23 U. These points are then plotted 
on paper, each aeries being the requisite vertical distance apart. It 
follows then that by joining up these poiuts, we obtain a series of curves, 
approaching or receding from each other, according as the ground between 
them is more or less steep ; vsince, for the same vortical interval, the con- 
tours will be evidently much closer together in plan, when the ground is 
steep, than when the slope of the ground is gentle. Further, the nearer 
the horizontal secant planes are taken to each other, the more accurate 
will bo the representation of the ground in question. A contoured map 
thus shows tlio absolute height of any point above a particular level and 
its relative height with reference to any other point. Besides this con- 
tours show the shape of a hill, whether it is convex or concave in section 
and the exact degree of slope whether gentle or steep. 

Plate XXI, Piff. 2, shows a contoured plan of a piece of country. 

It will be seen that it would be impossible to determine whether a 
contoured plan represents a depression or an elevation unless the con- 
tours are numbered. It is, therefore, necessary to select some convenient 
level, calledthc datum line, from which ail heights should be measured and 
numbered. It is, therefore, usual to assume a level as * * datum ** which is 
below the lowest point of the ground shown in the sketch, and to draw 
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till sections wiih reference to this, so that all relative heights of the 
ground may be compared. This is done so that all altitudes on the 
sketch may be above the datum and positive, and not below and negative. 

As contours arc horizontal and at equal vertical intervals, it follows 
that one contour cannot join another unless there is a vertical precipice 
111 this case the contours which disappear or run into each other will 
reappear where the precipice ends as at C. {Plate XXI, Fkj, 2,j 

If a contour forms a ring which does not enclose any other, it may be 
assume ! that it represents the top of a hill, as the only other form it 
could represent would be the interior of an inverted cone, such as a 
crater or bed of a lake. 

In projects for roads and railways, it is generally necessary to make a 
section along the proposed linii. 

A s{*ction shows all the elevalions and depressions, and whether one 
point IS visible from another, and the amount of cutting and filling 
leqiiired. In drawing sections it is usual to exaggerate the heights so as 
to ^how more strikingly the changes of a slope which in a true section 
would hardly be percoptihlo. la such a case a section does not give a 
true picture of the h(3ight of the groun I, The exaggeration or propor- 
tion of the vertical to the horizon? al siale should be state! underneath 
the section as ‘‘ heights to dist.anc.es 5 to 1." 

Problem 209. -Draw the section elcvational on the line AB of the ground 
shown in Plate XXI. Fig 2. (Scale i**., ) Heights to distances 4 to 1 

Take an XY or datum line jjaiallel to AB ot a convenient height (o) 
The contours are 5 feet vertical nitcrval, and aie to he cxaggoiatrd in the 
socti(Ui in tht‘ prop(^rti<Jti of 4 to 1. 

Draw a scries of e<iuidistant lines parallel to XY to represent the 
contour planes at intervals corresponding t > the coarlitions. Thai is, 
5x4=20 feet. The scale is ^ or 120 feet to the inch. Therefore — 

120 : 20 : : 1 : - 166 . 

Th(‘sc lines must be drawn *10 inch apart and figured from 0 to 40. 
Now project each point wdiere AB cuts the contours down to the 
XY line, and mark the points where the projectors cut parallel lin s ot 
similar index. Join these points up to obtain the section Tli ‘ elevation 
can be obtained in the same m%mier. The standard method of drawing a 
section for a Koad or Bailway Project can he seen in the Survey 
Manual, XY, and in more detail in Enclosure TV of the Rules 

for the preparation of Railway Projects obtainable from the Technical 
Section, Simla. 
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CHAPTER X. 


The method cf repiesenting gjoiind by iiieaiis of contours is so similar 
to the conditions investigated in Chapter Mil, that the problems 
therein given will be fourd constantly applicable to <|ue8tions of contoured 
maps. The piactical application of Problem 200 is so important, in 
eLabliiig us to lay down at once on a (ontouied map, the direction of a 
read which is not to exceed a ceitaiii gradient, that an example is given. 

Problem 210 .—From the point A (Plate XXI, F'g 3) trace the course of a 
road which shall not exceed the gradient of (Scale, ) 

The vertical interval being 10 feet. The horizontal couivalent for 
will be 200 feet. The ^cale is 4*00 feet to an inch, so we can take the 
distance of half an inch on the compass and lay it off between contours. 
The horizontal distance between A and contour 10 is more than 200 feet, 
so W'e can draw Ah perpendicular to ihe contours. From b draw an arc 
cutting contour 20. The aic will cut tbe contour in two points ; so 
there are two dire ctions the road may take. Continue the same process 
for each contour till the top of the hill is reached. It will be remarked 
that there are luobably two pos.sible directions for the road as each con- 
tour is crossed, but the .selection of the actual line will depend on the 
conditions under which the road is being made and need not be dij-cussed 
here. 
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